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—AFREAS 1 publication of b Nantival PRES... 
V V conftrufted b proper Perſons,” under the Direc⸗ 
tion of the ſaid Commiſſiviiers, would greatly contribute 
to make the ſaid 8 Tables more generally uſeful; Be 


it further Enacted, the Authority aforeſaid, That it 
0 to and for the faid Coihmiſfionets | 


ſhall and may be law 
to cauſe ek, Nautical Almanacs; 1 of other uſeful Tables, 
to be conſtructed, and to print; publiſh, and vend, or cauſe 


to be printed, publiſhed, and vended, any Nautical Alma- 
nac or Almanacs, or other e Table or Tables, 
which. they, or the major Part of them, ſhall, from time 


to time, judge neceſſary and uſeful, in order to facilitate 
the Method of 2 the Longitude at Sea; any 


Law, Statute; excluſive 
other Cuſtom, | to the ck.” thereof notwithſtanding. | 


And be it Enacted by the Authority aforeſaid; That no 
Perſon or Perſons ſhall print; publiſh, or vend, or cauſe to 


be printed, publiſhed, or vended, an Nautical Alman 

or Almanacs, or other Table or Tak es conſtructed under 
the Direction of the faid Commiſſionets, without being firſt 
licenſed 'by the ſaid Commiſſioners, or the major Part of 
them: And if any Perſon or Perſons not ſo licenſed, or 
not being authorized by the Perſon or Perſons fo licenſed 
by the ſaid Commiſſioners, ſhall print; publiſh, or vend, 
or cauſe to be printed, publiſhed, or vended, any ſuch 
Nautical Almanac or Almanacs, of other Table or 


Tables, every ſuch Perſon or Perſons ſhall; for every Copy . 


of ſuch Nautical Almanac or Table ſo printed, pub- 
liſhed, or vended, forfeit and pay the Sum of Twenty 


Pounds; to be recovered by Action of Debt, Bill, Plaint, 
or Inforination, i in any of his Majeſty's Courts of Record 


at We/tminſter ; and that One Moiety of ſuch Penalty and 
Forfeiture ſhall be to his Majeſty, his Heirs and Succeſ= 
fors, and the other Moiety to him or them (Hat 0 Vo” 
8 b 8 8 or ſue for Ws: ; 
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rivilege, private Charter, or 
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By the CoupTrotonens-a ited 17 As 
of Parliament for the Meeren of the 
i Longitude at Sea, and for examining, try- 
ing, and judging of all Propoſals, Experi- 


8 and ann pence to the | 


x7 FHEREAS we Ka Sa en proper Perſons to 
5 compute Nautical Almanacs and Aſtronomical 
ede; for the Years 1769 and ©1770, Which will 
greatly contribute to make the Lunar Tables conftructed 
by the late Profeſſor MAYER of Gottingen (which you 
Have already printed with our Authority) more generally 
uſeful; and whereas we think fit to employ fg to print the 
Taid. Nautical Almanacs and Astronomical Ephemerides: 
We do therefore, in purſuance of the Power veſted in us by 
| AQ of Parliament, hereby licenſe, authorize, and impower 
ou to cauſe the ſame to be printed, together with ſuch 
other uſeful Tables for facilitating the Method of diſcover- 
ing the Longitude at Sea, as ſhall have been conſtructed 
under our Direction, and will be delivered to you by the 
Reverend Mr. N EVIL Mas k ELYNE, his Majeſty” 8 
Aſtronomer Royal at Greenuich; and for io doing this ſhall 
be your ſufficient Warrant. Given under our Hands and | 


: 8 this 18th of N. e 
r . (LS: 


Cõãͤͥ QÄdw: ke bog oe K. on 
„en; , 
Te. Reh. 5 . MAsKELYNE(LES.) 
'RicnarDson: and T. HoRNSEY (L. S.) 
SAME Cranks, Jod smirn (L.S) 
Printers in Saliſbury- fr 46S} 
4 Fleet firect. A. SHEPHERD (LS. 
J 2097 7 Ow orb 1 5 
,, raul > SALUSBURY(L-S.) | 
J ( 7: (4:4); 
,,, WES CC CoKBURNE: (L.S.) 
8.9 


* Lone e.. 
By Command of the  Commiltoner, 5 


Jon bog son; Secretary. 


w. Fa Coumerronns 1 5 Ade 
of Parliam nt for the Diſcovery of the 
Longitude 5 7 5 and for examining, try- 
ing, and Judging of all Propoſals, Experi- 
ts, and e ay” © mk to. the 


"HEREAS we think fit to eraphoy you to * 
0 and vend, and to cauſe to be publiſhed and vended, 
the Nautical Almanacs and Aſtronomical Ephemerides. for 
the Years 1769 and 17 „together with other uſeful Tables 
| Neth anon 25 ul Beedle) fot . Method 
of diſcovering the Longitude at Sea, which Will be printed 
by Meſſieurs RI CHARDSON and CLARK of Sali/bury- 
court, Hleet-treet: We do therefore, in purſuance of the 
Power veſted in us by Act of Parliament, hereby licenſe; 
authorize, and impower you to publiſh and yend, and te 

_ cauſe to be publiſhed and vended, the faid Nautical Al- 
mapacs and Aſtronomical Ephemerides, tag ether With the 
other uſeful Tables above-mentioned, For which this 
ſhall be your ſufficient Warrant. Given under our Hands 
nn Sade tins HOON vt: Ay 5 0 9 N 
| Ep. Haw KR. (LS) 8 
w . Joux Gus Ft, ( + 
%% aw 10 _C.KnowLEs: (L. 80 
10 Mr. Jour . 3 MASKELYNE LS, 
"Bookſeller | in "Ie Strand. T. HoRN SEN 85 
FF Joux surren 18 
„„ (LS. 

| ET A. SHEPHERD: (LS) 
tte ,,, RDDASNIESS 
. „„ SALUSBURY. L. S.) 
8 . 1.80 83 
8. 
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KR: Lowe” 7 TEE. 
By Command of che « Gommiltones, ay e Dame. > 
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Nur Commiltioners of Longitude, in purs 
ſuance of the Powers veſted in them by a 


late Act of Parliament, preſent the Publick with 
the NavTicatr ALMANAC and ASTRONOMICAL _ 
EPpREMERIS for the Year 1769, being the 


Third Imprefſion, to be continued annually; a 
Work which muſt greatly contribute to. the Im- 


provement of Aſtronomy, Geography, and Na- 
- vigation. This EpazmMERIs contains every Thing 
eſſential to general Uſe that is to be found in 
any Ephemeris hitherto publiſhed,, with many 


other uſeful and intereſting Particulars never yet 


The Tables of the Moon had been brought by the 


late Profeſſor MavER of Gottingen to a ſufficient 


Exactneſs to determine the Longitude at Sea, within 


a Degree, as appeared by the Trials of ſeveral 
Perſons who made Uſe of them. The Difficulty 


| and Length of the neceſſary Calculations ſeemed. 


the only Obſtacles to hinder them from becoming 


of general Uſe : To remove which this EphkE- 


MER1S was made; the Mariner being hereby re- 


| lieved from the Neceſſity of calculating the Moon's 


Place from the Tables, and afterwards computing 
the Diſtance to Seconds by Logarithms, which 


are the principal and only very delicate Part of the 


Calculus z fo that the finding the Longitude a 8 
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£ _ Help of es nana ERIS is now in 1 Cn. EE 
reduced to the Computation of the Time, an OM © 8 bc 
ration equal to that of an Azimuth, and the OE. 
rection of the Diſtance on account of RefraQ n ank 
Parallax, which is alſo rendered very eaſy by either: 
of the Two Methods invented by Mr. Lyons and _ 
Mr. DunTHoRNz, and publiſhed among the Tabl es- "G7 ” 
W to be uſed with the EPHEMERIDA ne Eo 
By Debre of the Commiſiianany of e 1 
Ns up the Explanation and Uſe of the Articles 
contained in the EepyeMeRr1s, and the Inſtrudtions, 
with Examples, for finding the Longitude at Sex 
by the Help of the ſame. ' Ialfo colle = 
culated the Sixteen Firſt Pages of Tables roquilite to 
be uſed with the EputMerts, and computed the 
Table of proportional Logarithms, which ſeemed to 
me abſolutely neceſſary to clear this Method of aß 
remaining Difficulty; and added Explanations of all! 
the Tables, and a Correction, p. 49 and 50, which 
may be applied by the Curious to the Effect of 
Refraction on the Moon s Diſtance from a Star, 
found by Mr. Lyons, or any other Method, on 
account of the Barometer and Thermometer. 5 
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>: Al] the Calcularicas of the Francais relating 
to the Sun and Moon were made from Mr. Mar RRS 
laſt manuſcript Tables, received by the Board or 1 
Longitude after his Deceaſe, which have been 
Printed under my Inſpection, and will be oublithed © 
ſhortly. - The Calculations of the Planets were 
made 3 Dr. HALL EV's Tables; and thoſe . 
the Eclipſes of Jupiter's Satellites from the Tables 
of Mr. WaROCEN TIN, publiſhed by M. DR 1a 
Laxpx in 1759, * thoſe of che Fourth ie, 
TY 


t 


PREFACE. 


= te, which were calculated from the T ables UP the | 
Fo. _ famefurther improved by Mr. WaROENTIx, and 
published alſo by M. Dr LA Laps in the Con- 
5 DES MOouVEMENTS CersrEs of 1766. th 


— by Two ſeparate Perſons, and examined by 
2 Third, except the Moon's Longitude, Latitude, 
Right Aſcenſion, Declination, Semidiameter, and 
_ Parallax, which, for Noon, were computed by One 
VPerſon, and for Midnight by another, and the 
= Truth of theſe Calculations aſcertained by means 
Of Differences, which, for the Moon's Longitude, 1 5 
were e carried as far as the Fourth Order. | 
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2 Jan, 7 2 eclipſed, inviſible: in Europe: 2 
d at 145. 34. in gf. 18%, 13/; )'s Lat. 1. 8 North 


This Eclipſe will be viſible in Places to the North Eaſt of : 
Siberia. e | e 
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5 Junez-© viſibly eclipſed | 3 | . AT — * 8 
UKA 0 
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„FFF 
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June 4, at 6. 37/3. A. M. the middle June 4, at 1025 5 
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ASTRONOMICAL and NAUTICAL EPHEMERIS, 


T: may. be proper firſt to premiſe, that all the Calculations | 


are made according to apparent Time * Meridian of 
the Royal Obſervatory at Greenwich. They are likewiſe 
adapted to apparent Noon, except where they are otherwiſe 
diſtinguiſhed, as the Eclipſes and Configurations of Jupiter's 
Satellites, the Moon's Places, Cc, computed for Midnight, 


and the Diſtances of the Moon from the Sun and Stars for 
every third Hour; which are all computed to the apparent 


Times ſet down. | 


Apparent Time is that deduced immediately from the Sun, 


whether from the Obſervation of his paſſing the Meridian, from 


his Altitude obſerved at a Diſtance from the Meridian, or from 


his obſerved Rifing or Setting, This Time is different from 
chat ſhewn by Clocks and Watches well regulated ar Land, 
which is called equated or mean Time. Fhis will be ex- 
plained when we come to treat of the Equation of Time.” 
The Day is here ſuppoſed, according to the Method of AC 


tronomers, to begin at Noon, or 12 Hours later than the 


civil Day of the ſame Denomination, and to be counted up to 
24 Hours, or the ſucceeding Noon, when the next Day begins, 
Thus the Day of the Month and the Hour of the Day are the 
ſame in this Method as in the civil Account at Noon, and 
from Noon till Midnight; on from Midnight till Noon they 


_ alfſery 


* a * 


— 
4 
* 
C 


dat Greenwich. 


Aiffer; for whereas in the civil Account a freſh Day is ſup- 1 
poſed to begin at Midnight, and the Hours to begin over _ 
again, in this Method the Day is till continued beyond Mid- 
night, and the Reckoning of the Hours is continued up to 24. 
Thus the Diſtances put down Oy IO, 15 . . 


to January 11 at Three in the Morning by civil Reckoning. 
Ih here are 12 Pages for every Month. The firſt Celumn of 
the firſt Page of each Month contains the Day of the Month; 
the Second, the Day of the Weck exprefſed conciſely by the 
initial Letter or Letters, Su. ſtanding for Sunday, M. for 
Monday, Tu. for Tueſday, W. for Wi Th. for 
_ Thurſday, F. for Friday, and Sa. for Saturday: The third Co- 
lumn exhibits the Sundays and Feſtivals of the Church of Eng- 
land, and other remarkable Days: The laſt Column ſhews at 
Top the Moon's Phaſes, or the Times of new and full Moon, 
and of the firſt / and laſt Quarter, or two Quadratures with the 
Sun: Beneath are contained miſcellaneous Phenomena, name- 
1y, Eclipſes of the Sun and Moon, and Occultations of Planets 
or fixed Stars not leſs than the fourth Magnitude, by the Moon, 
aàs they ſhould happen at Greenwich by the Tables; the Con- 
junctions of the Moon with all Stars not leſs than the fourth 
Magnitude, which can be Oceultations any where on the 
Globe, between the Latitudes of 60. North and 40%, South : _ 
The Conjunctions, Oppoſitions and Quadratures of the ſuperior 
FPuhnets with the Sun; and the Conjunctions and greateft Elon- 
gations of the infetior Planets from the Sun, the Entrance of 
e Sun into the ſeveral Signs, and any other remarkable Phz- 
nomena. a i RT | | 5 | 
he Stars are expreſſed by Bayer's Characters of Reference: 
The Conjunction of the Moon or a Planet with a Star, is 
denoted by prefixing the Character of the Moon or Planet 
10 that of the Star, the Time of the Conjunction being 
placed immediately after. The Caſe is the ſame with Reſpect 
do the Occultatian of a Star or Planet by the Moon, only this is 
further diſtinguiſhed by the Addition of Im. or Immerfion, to 
pguify the Diſappearance behind the Moon; and Em. or Emer- 
fon, to fignify the Re- appearance of the fame. Thus 84 y f w 
161. 22/, tignifies that the Moon will be in ConjunQtion with 
the Star 4 W on tlie Eighth Day at 16. 22/- excluſive f 


Parallax: And 10%, ) e II Imm. of 14. Em. 10h. 23/ figni- 


ties that the Moon will eclipſe s IT on the roth Day, the 
hamerſion being at 9 14, and at 10%. 27. apparent Time 


„„ : 3 4 
The Occultations ſet down are thoſe only viſible at Green- 
wich; and the Circumſtances will not differ very widely in 
moſt Parts of the Kingdom; but in very diſtant Places they 5 
will differ very much, owing to the Change of the Moons 
Parallax, or it may become no Occultation at all: The like 
may be ſaid of Eclipſes of the Sum. 8 . 
| Ficlipſes of the Sun, and Occultatians of fixed Stars by the 
Moon, if obſerved in Places whoſe Latitude and Longitude 
are well determined, may be applied to the Correction of” 
the lunar Tables; but if made in Places whoſe Latitude only 
is well known, may be applied to the Determination of the' 
Longitude of the Place; but for this Purpoſe an accurate Cal- 
culation muſt be made of the Moon's Parallaxes in Longitude. 
and Latitude, which makes this Method of ſettling the Longi- 
_ tudes of Places, though a very accurate one, lefs convenient 
in Uſe for Perſons not much verſed in aftronomical Calcula- 
tions, However, this ought not to diſcourage Travellers or 
Mariners from endeavouring to make theſe Obſervations as 
often and as carefully as poſſiple, when they ſhall happen to 
be at any Place whofe Longitude they have Reafon to think 
has rot been at all or but indifferently determined; fince the 
neceflary Calculations may be made at any Time afterwards by 
themſelves, at leiſure, or referred to the Skill of Aſtronomers 
and Mathemat'icians. „ I 
Eclipſes of the Moon are not liable to this Inconvenience; 
the Longitude of any Place, where an Eclipſe has been ob- 
ſerved, 1. deduced immediately by taking the Difference 
of the Time of the Obſervation and that fet down in the | | * 
Ephemeris, and converting it into Degrees, at the Rate of 
15 to One Hour, Sc. or more briefly by Table Pages 6. 7, 8. 
of the Tables requiſite to be uſed with the Ephemeris. But 
as the Beginning or Ending of an Eclipſe of the Moon gannot 
be generally . neargr than One Minute, and fometimes 
Two or Three Minutes of Time, the Le of Places can- 
not be certainly determined by this Method from a ſingle 
Obſervation of the Beginning or End nearer than a Degree, 
It is unneceflary to mention that even this Point of Exactneſs 
will often be of great Service. If both the Beginning and 
End of the Eclipfe be obſerved, a conſiderably greater De- 
gree of Exactneſs will be attained. _ | 1 | 
The Conjunctions of the Moon with the Planets, ' or fixed 
Stars not leſs than the fourth Magnitude, which may prove 
Occultations in ſome inhabited Parts of the Globe, are evi- 
_ dently deſigned to inſtruct Mariners or T ravellers to look out 


4 


} 


% 
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frequently for ſuch Obſervations; which if they happen to 
prove Occultations, and are carefully obſerved, will afford a 
certain Means of determining the Longitude cf the Place of 


_ Obſervation. . 


The Days of the Oppoſitions, Quadratures, e. of the Pla- 
nets with Reſpeck to the Sun, are Times at which they ought - 


to be obſerved in fixed Obſervatories, for ſettling the Elements 


of their Orbits by a Series of ſeveral Years Obſervations. 

The Two firſt Columns of the Second-Page of the Month 
contain the Day of the Month and Week as before; next 
follow the Sun's Longitude, right Aſcenſion in Time, Decli- 
nation, and the Equation of Time, with the Difference from 
JC 55 jj 
The Longitude of the Sun is made uſe of in moſt of the 
- ſucceeding Calculations: of the Ephemeris, and may ſerve 
either to verify them, or to make other fimilar Calcula- 
tions at a different Time of the Day. Particularly it may ſerve 
with the Help of the Moon's Longitude, to find the Diſtance 


of the Moon from the Sun at any Time, independent of the - 


Diſtances contained in the Four laſt Pages of the Mon.h. To _ 

find the Sun's Longitude at any Time different from Noon, 
Proportion muſt be made according to its daily Increaſe : 
Saying as 24®.15 to the Hour from Noon reckoned by the Me- 
ridian of Greenwich, ſo is the daily Variation of the Sun's 


Longitude, to a fourth Number; which added to the Suns 


Longitude at the preceding Noon gives the true Longitude - 
_ at the given Time. „„ 5 „ 
If the Time given be that of a Meridian different from 

Greenwich, it muſt be firſt reduced thereto, by adding or 
fſubſtracting the Difference of Longitude turned into Time (at 

the Rate of One Hour to ige, and One Minute of Time to 
As Minutes, or more briefly by Pages 6, 7, and 8, of the re- 
.quifite Tables) according as the Place is to the Weſt or to 
the Eaſt of Greenwich. Example: Suppoſe any one ſhould 
want to know the Sun's Longitude, January 19, 1767, at a1. 
: a5, being in 21 15. Longitude Eaſt of Greenwich. The 

Difference of Longitude turned into Time by Table Page 6, 
is 1*, 25/ which fubſtracted from 4b. 35/. becauſe the Place 

is Eaft of Greenwich, leaves 3b. 100, for the Time reduced to 
the Meridian of Greenwich, The Sun's Longitude the pre- 

ceding Noon is, 9* 299. 18/. /., and the following Noon is, 

105. 09. 19/, 4/4, the Difference js, 19. 1/. 2. or 61.2. the daily 

Variation. Then ſay, as 24. is to 3zů, 100, fois 61/ 2/ to 8, 3/1. 
Which added to 93. 292, 18, 2/”, the Sun's Longitude on the 
| | Ty 85 a | Roy preceding 


TTT! 
preceding Noon, 2 299. 26'. 5% the Sun's Longitude at 
the Time given. | 

Articles is to be found by the Help of the Ephemeris. 
I be Sun's Longitude ſerves alſo to compute the Aberration 
_ of the fined Stars and nf. ET 
The Sun's right Aſcenſion in Time is uſeful to the practi- 
cal Aftronomer in regular Obſervatories, who adjuſts his 
Clocks by ſidereal Time. It is alſo uſeful to him for convert- 


n like Manner any other of the following 5 


ing apparent into ſidereal Time ; as ſuppoſe that of an Ecliple _ 


of Jupiter's Satellites, in order to know. at what Time it may 
be expected to happen by his Clocks: For this Purpoſe, the 
Sun's right Aſcenſion at the preceding Noon; together with. 
the Increaſe of right Aſcenſion from Noon, muſt be added to 
the apparent Time of the Phænomenon ſet down in the Ephe- 
The Sun's right Aſcenſion in Time ſerves alſo to cempute _ 
the apparent Time of a known Star's paſſing the Meridian: 
Thus ſubſtract the Sun's right Aſcenſion in Time at Noon 
from the Star's right Aſcenſion in Time, the Remainder is 
the apparent Time of the Star's paſſing the Meridian nearly ; 
from which the preportional Part of the daily Increaſe of 
the Suns right Aſcenſion for this apparent Time from Noon 
being ſubſtracted, leaves the correct Time of the Star's paſſing 
the Meri inn En ned 55 
Hence the apparent Time may be found from an obſerved 
Altitude of a known ſtxed Star, ſuppoſe one contained Page 
- or 13 of the requiſite Tables; as will be explained here, 
after. be : | 5 
The Sun's right Aſcenſion in Time is alſo uſeful for com- 
pauting the Time of the Moon and Planets paſſing the Meri- 
_ dian, as will be ſhewn under their proper Articles, 8 
The Sun's Declination is neceſſary to find the Latitude, 
whether at Sea or Land, from the Meridian Altitude obſerved; 
it is alſo requiſite for finding the Latitude from Two Altitudes 
obſerved with the Interval of Time meaſured by a Watch; 
it ſerves for computing the Sun's Azimuth, having his Altt 
tude ard the Latitude of the Place g ven, in order to find the 
Variation of the Compaſs; it is required jointly with the La- 
titude of the Place and the Sun's horary Angle to compute his 
Altitude, if neglected to be obſerved at the Time of taking the 
Moon's Diſtance from the Sun for finding the Longitude, being 
uſeful to facilitate the Calculation of the Effect of Refraction anc 
Parallax upon the Diſtance; it is alſo neceſſary to calculate the 
apparent Time from an obſerved Altitude of the Sun ata 
| | | - from 


ffom the Meridian, the Latitude being given; or to compute” 
the Time of the Sun's Setting or Riſing; which, though a lefs : 
 -accurate Method than the former of obtaining the Time, may 


yet be uſeful when that cannot be had. For any of theſe Pur- 
Poles, the Sun's Declination mutt be found to the Time given 


nearly reduced to the Meridian of Greenwich, making Pro- | | 
| + Sony accarding to the daily Increaſe or Decreaſe, in like 


Manner as was ſhewn with Reſpect to the Sun's Longitude. - ' 

The Equation of Time is a Correction, which added to or 
ſubſtracted from the apparent Time (according to its Title at 
the Top of the Column) gives equated or mean' Time, cr that 
which ſhould be ſhewn by a good Clock or Watch. Ap- 
parent Time is that which takes its Beginning from the Paſſage _ 
of the Sun's Centre over the Meridian of any Place; and had 
the Sun no Motion in the Ecliptic, or was his Motion reduced. 


to the Equator or in right Aſcenſion uniform, he would always 


return to the Meridian after equal Intervals of Time. But his 
apparent Motion in the Ecliptic being continually varying, 
and his Motion in right Aſcenſion being rendered further un- 


equal on Account of the Obliquity of the Ecliptic to the 


uator, from theſe Cauſes it ariſes that the Intervals of his 


Return to the Meridian become unequal, and the Sun will gra- 


dually come too flow or too ſoon to the Meridian for an 


to be. 


equable Motion, ſuch as that of Clocks and Watches ought 


This Retardation or Acceleration of the Sun's coming I”. 


the Meridian is called the Equation of Time, and is contained 
in the laſt Column but One of Page 2d; and when applied 


according to its Title to the Apparent Time, or that deduced 


immediately. from the Sun, gives the mean or equated Time, 
whence the Error of a Clock or Watch may be found, 


and, if required, it may be corrected. | 


If it is propoſed to convert mean Time into apparent, 
this is done by a contrary Proceſs, by applyi g the Equation 


of Time to the mean Time given, with its Title or Sign 
changed; vis, ſubſtracting inſtead of adding, and adding in- 


ſtead of ſubſtracting. | 

The Fquation of Time being ſet down in the Ephemeris 
for the Noon at Greenwich, Proportion muſt be made accord- 
ing to the daily Difference, to find what it ſhould be at any 
given Time reduced to the ſame Meridian, as in the preced- 


ing Articles. The lait Column of this Page, containing the 
daily Differencęs of the Equation , is deſigned for this Purpoſe, 


4 As often at it may be required to make any Calculatlons © 
T from aftronomical Tables, and the Time given be apparent . 
Time; it is neceſſary firſt to apply the 0 of Time | 
thereto to convert it into mean Time, the Tables being diſ- 
poſed according to mean Motions, Thus the Articles con- 
tained in the Ephemeris anſwering to Noon were computed 
to ob. increaſed, or 24 Hours diminiſhed, by the Equation of 
Time: And the Moon's Places ſet down for Midnight were 
| ey | to 12h, increaſed or diminiſhed by the Equation: of 
What has been ſhewn concerning the Equation of Time 
chiefly reſpects the Afﬀtronometr, the Mariner having little 
to de with it in computing his Longitude from the Moon's 
Diftances from the Sun and Stars obſerved at Sea with the 38 0 
Help of the Ephemeris, all the Calculations thereof being ad- 55 
apted to apparent Time, the ſame which he will obtain by , 
the Altitudes of the Sun or Stars in the Manner hereafter 
preſcribed. 3 — 5 N 
But if Watches made upon Mr. John Harriſon's or other 
c equivalent Principles ſhould be brought into Uſe at Sea, the 
apparent Time deduced from an Altitude of the Sun muſt de 
corrected by the Equation of Time, and the mean Time _ 
found compared with that ſhewn by the Watch, the Diffe- 
rence will be the Longitude. in Time from the Meridian by 
which the Watch was ſet ; as near as the Going of the Watch 
can be depended upon. WW e 
The Equation of Time was computed for the Ephemeris af | 


1757 from the Table, Page zd of Mayer's Tables; but on 
Account of that Table being made only to the neareſt Second 
without Decimals, and the Neglect of the ſmall Equations of 
the Sun, the Calculations of that Article in the Year 1767, 
cannot always be depended upon nearer than Two Seconds. 
For the Year 1768 and the following Years it will be com- 
puted in the ftrict Manner explained in my Remarks upon 
that Subject, in the Philoſ. Tranſact. Vol. liv. P. 342 fer the 
Year 1764; namely, by taking the Difference of the Sun's 
true right Aſcenſion, and his mean Longitude corrected by 
the Equation of the Equinoxes in right Aſcenſion, and turn- 
ing it into Time at the Rate of 1/. to'15/., Cc. The Equa- 
tion of Time will be additive or ſubſtractive as the Suns true =. 
right Aſcenſion is greater or leſs than his mean Longitude.  *%. 


The Semidiameter of the Sun, Page 3d, is necefiary to te- % | 
duce the obſerved Altitude of his upper or lower Limb to that * 


: 

; 

: 

\ 

1 
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tance of the Centres. It is alſo uſeful to Aſtronomers to 
verify or afcertain the Exactneſs of the Scale of their Micro- 


tre; alſe to redice the obſerved Diftance of uh 


oon's neajet Limb from the Sun's neareſt Limb to the Diſt 


meters, by Compariſon. with the Meaſure of the Sun's hori- 


'zontal Diameter. This Practice is particularly uſeful in ſolar 


Eclipſes, when the Diftance of the Cuſps or the Verſe Sine 


of the uneclipſed Part has been meaſured with the Micro- 
meter. The Semidiameters of the Sun in Mayer's Tables, on 


which all the Calculations reſpecting the Sun, and Moon are 


made, ſuppoſe the Semidiameter at the mean Diſtance to be 


16,2% 8. which Mr. Mayer ſays he deduced from above 139 
Obſervations taken with his Six Foot mural Quadrant, which 
ſeemed to him not ill adapted to the Purpaſe. It may not 


be amiſs to take this Opportunity to remark that the Qua- 


drant here mentioned was given to the Univerſity of Gottin- 
gen by his late Majefty, and was made by Mr. John Bird after 
the Model of the Eight Foot mural Arch, which he finiſhed 
for the Royal Obſervatory at Greenwich, and put up there in 
the Year 1750. Mr. Mayer made his Obſervations with his 
Six Foot mural Arch, from the Year 1756, to the Time of 
his Neceaſe; with it he ſettled the mean Obliquity of tlie 


_ Ecliptic to the Beginning of the Year 1756, at 239. 28'.16!!, 


which Dr. Bradley ſettled by his Obſervations made in the 
Years. 1750 and 1751, at 232.28", 18/7, The Difference is 
_— to what ought to ariſe from the gradual Diminution 

the Obliquity of the Ecliptic at the Rate of about à a Se- 
cond in a Year. The fame Inſtrument he alfo uſed in ſettling 
the Elements of his folar Tables; and it 15 moft probable that 


with the ſame he ſettled his Table of Refractions at the End 
of his ſolar Tables; the Agreement of this Table with Dr. 


Bradley's, ſee Page 2d of requiſite Tables, (being both ſuited 


to the fame Temperature of the Air) is ſo great, that they ſeem 
rather like One and the ſame than Two different Tables. 


The Time of. the Sun's Semidiameter paſſing the Meridian, 


ſerves to reduce an Obſervation of a Tranſit ofthe preceding or 
ſubſequent Limb over the Meridian to that of the Centre, when 


only One was obſerved. It fignifies a Portion of apparent Time, 
or even mean Time, the Difference being abſolutely inſenſible 
upon fo ſmall an Interval. It is found thus: Increaſe the Sun's Se- 
midiameter in the Ratio of the Coſine of his Declination te the 
Radius, ta find his Semidiameter in right Aſcenſion, which turned 
into Time at the Rate of 1/. to 15/. and 1“. to 15%. DEL 5 
| | | | Iime 


4 


ſion is required. 


© From the Time of the Sun's Semidiameter paſſing the Mert- 


49, and Table at the End of the ſame, Page 25, which is 


| gitode, T mille's Ont ee Marine 


ticable to derive any Advantage from the Uſe of it; and, 
confideting the great Power requiſite in a Teleſcope for mak- 
ing theſe Obſervations well, and the Violence as well as 
: - | * Ixregularitie 


x : 


muſt be increaſed in the Ratio of 365 to. 366, if great Preer- 


# 


PPP — 
U 


a well 
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Irregularities of the Motion of a Ship, I am afraid th 


: 


complete Management of a Teleſcope on Shipboard will ale 5 


ways remain among the Deſiderata. However, I would not 
be underſtood to mean to diſcourage any Attempt founded 
upon good Principles to get over this Difficult . 
The Teleſcopes proper for obſerving the Eclipſes of Jupi- 

ters Satellites, are common reſracting Teleſcopes, from 15. to 


2 


20 Feet, reflecting Teleſcopes of 18 Inches or Two Feet, and 


-- Felefcopes of Mr. Dollond's Conſtruction with Two Object | 


Glaſſes from Five to 10 Feet; or, which are. {till more con- 
venient, thoſe of 3 Feet, which he has lately found a Method 
of conſtructing with Three Object Glaſſes, which are as mana- 


geable as refleing Teleſcopes, and perform as much as thoſe 


£ 


which he makes of 10 Feet with Two Obje& Glaſſes. 
© The Eclipſes of Jupitec's Satellites are obſerved by Aſtrono- 
mers at Land, as well in order to provide Materials for 
improving the Theories and Tables of their Motions, as for 
the ſake of Compariſon with the correſponding. Obſervations 
which may be made by Perſons in different Parts of the Globe, 
whereby the Longitude of ſuch Places will be accurately aſ- 


certained. It is indeed to be lamented that Perſons who viſit 
_ diftant Countries are not more diligent to multiply Obſerva- 


tions of this Kind, for want of which, the Obſervations made 
by Aftronomers on Shore loſe Half their Uſe, and the Improve- 
ment of Geography ſeems to be at a Stand. But it is to be 


"hoped that an Emulation will ſpring up among thoſe who 
may have Opportunities of rendering fo uſeful a Service to 


the Public, to incite them to watch diligently for the Occa- 
fions of abſerving theſe Eclipſes carefully, particularly of the 

Firſt and Second, which are moſt exact = the Purpole, The 

Eclipſes carefully calculated and ſet down in the Ephemeris, 

will ſerve to advertiſe tliem and Obſervers in general of the 
Times when they ſhould attend to theſe Obſervations. The 
Perſon wo hall! be under any Meridian different from Green- 
wich, muſt turn his Difference of Longitude into Time: See 
Table Page 6, 7, and 8, and add it to or ſubſtract it from 
the Time of the Eclipfe ſet down in the Ephemeris, according 


as he is to the Eaſt or Weſt of Greenwich, to find the apparent - 
Time at which the Eclipfe will happen at his Meridian, 


nearly. He muſt further take care to regulate his Watch or 


Clock oy apparent Time, or at leaſt to knew the Difference, 


n order to appriſe him ot che Time to look out for 


1 ; D 
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| Me Eclipſe, as for 35 the apparent Time exacti7 
at which he thall obſerve it. Equal Altitudes of the Sun or 
Stars taken with an aftronomical . afford the beſt 
Means of regulating Clocks and Watches for occaſional Obſer- 
vations; or they may be taken with a Hadleys Quadrant, 
by Reflection from a Jus of Water or Quickſilver, or from 
the Horizon of the Sea, if the Obferver has an open Proſpect, © 
and is not elevated above 5 or 600 Feet above the Level of 
the Sea, But, if Opportunity does not admit of taking equal 
Altitudes, the Time may be determined from One Altitude 
taken in any of the Methods above mentioned, at leaſt Two. 
or Three Points of the Compaſs diſtant from the Meridian, 
but the nearer to the Eaft or Weſt the better, the Latitude 
of the Place being known, or being found by Obſervations 
of the Meridian Altitude of the Sun or Stars made on Purpoſe. 
It will be better to take ſeveral Altitudes in order to take a 
Mean of the Reſults for greater Certainty. The Manner of 
computing the apparent Time from the Altitude of the Sun 
or a Star, will be obſerved when we come to treat of the 
Method of finding the Longitude by the Obſervations of the 
. Dittance of the Moon from the Sun and Stars by the Help of 


* % 8 


the Ephemeris. 


The Obſerver being in a Place whoſe Longitude is well 
known, ſhould be ſettled at his Teleſcope Three Minutes be- Th 
fore the expected Time of an Immerſion of the firſt Satellite; 
Six or Eight Minutes before that of the ſecond and third Sa- 
tellites; and a Quarter of an Hour or more before that of the 
fourth Satellite; chiefly on Account of the Uncertainty of their 
Theories; but, if the Longitude of the Place is very uncer- 
tain, he muſt begin to look out for the Eclipſe proportion- 
ably ſooner; Thus if the Longitude of the Place is uncertain 
to 30 Degrees, anſwering to 12 Minutes of. Time, he ought 
to fix himſelf to his Teleſcope 12 Minutes ſooner than is men- 
tioned above. Nevertheleſs when he has obſerved One Ec- . 
lipſe of any Satellite, and thereby found the Error of the 
Tables, he may allow the ſame Correctſon to the Calcula- 
tions of the Ephemeris for ſeveral Months, which will adver- _ 
iſe him very nearly of the Time of expecting the Eclipſes of | 
the ſame Satellite, and diſpenſe with his attending fo long, . Eo 
The Immerſions fignify the Inſtant of the Diſappearance of = 
the Satellite by entering into the Shadow of Jupiter; and the _ - 
_  Emerfions ſignify the firit * of its Appearance at com- 3 


: ing 
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ing out of the ſame. They generally happen when the Satel- 
lite is at fome Diſtance from the Body of Jupiter, except 
near the Oppoſition of Jupiter to the Sun, when the Satel- 
lite approcches nearer to his Body. Before the Oppoſition of 
Jupiter to the Sun the Immerſions and Emerſions happen 
on the Weſt Side of Jupiter, and after the Oppoſition on the 


Eaſt Side; but if an aſtronomical Teleſcope be uſed, which 


reverſes Objects, the Appearances will be directly the con- 
ttary. Before the Oppoſition, the Immerſions only of the 
firſt Satellite are viſible; and after the Oppoſition, the Emer- 
fions only. The ſame is generally the Caſe with reſpect to 
the ſecond Satellite; both the Phznomena of the ſame Feige 
are frequently obſerveable in the Two outer Satellites. The 
Immerfions and Emerſions marked with an Aſteriſk in the 
Ephemerls are thoſe viſible at Greenwich. | | 


1 


To know if an Eclipſe will be viſible in any Place, find 11 5 


Jupiter is 80, or 1209, above the Horizon of the Place, and the 
Sun as much bel;w it. This may be done near enough by a 
celeſtial Globe : Otherwiſe, the Time of the Sun's Riß 
Setting may be found for any Latitude by a Table of ſemi- 
 divrnal Arcs, contained in the popular Book called the Ma- 


g and 


_- riner's Compaſs Re&ified, and many other Books; the Time 


of Jupiter's, Riſing and Setting may - alſo be found from the 
Time of his paſſing the Mezidian and Declination ſet down 
in the Ephemeris, with the Help of the ſame Table of ſemi- 
diurnal Arcs; adding or ſubſtracting the ſemidiurnal Arc 
anfwering to the ſame Declination of the Sun: Remembering 


always that if Jupiter's Declination and the Latitude of the 


Place are of the ſame Denomination, the ſemidiurnal Ave 
will be more than Six Hours, and if they are of contrary De- 
nominations, it will be leſs than Six Hours. 
The Immeition or Emerſion of any Satellite being carefully 
_ ebferved in any Place according to apparent Time, the Lon- 
tude from Greenwich is found immediately by taking the 
Difference of the Obſervation from the correſponding Time 
 ſhewn in the Ephemeris, which muſt be turned into Degrees, 
Oc. by Table Page 5, 7, and 8; and will be Eaſt or Weſt ot 
Greenwich, as the Time obſerved js more or leſs than that 
yd at 2-7 gy 
Example : Suppoſe an Emerſion of the firſt Satellite. ſhould 
be obſerved at the Cape of ons, May 9, 1769, t 
20% 45. 45/), apparent Time: The Time by the ne | 


1 0 3 


being 99. 38%. 12%. the Diilerence i is 1b. 137.33, whence he 
Table Page, 6, 7, and 8, the Longitude of the Cape ſhould 
be 180. 2301 505 Eaſt of Greenwich, becauſe the Time ſup- 
poſed to be obferved at the Cape” is more than that of the 
Ephemeris. . 
It may not be uſeleſs here to blurs! that the Lost ; 
cf the Cape of Good Hope 1*..19/. 33% 189 23%. 15%. et 
don in the Biitiſh Mariner's Guide, is that of the n the 
Latitude alſo belongs to the ſame; being both determined 
from the Obſervations of Mefirs, Maſen and Dixbn, who went 
thither under the Direction of the Royal Society, and obſerved 
the Tranſit of Venus in the Year 1761. Hence, by the Help of 
the Charts, I find the Longitude of the Cape Point or Fro- 
montory * 189. 45/. Eaſt of Greenwich, and its Latitude 
| 300, 8. the W of Cape Falſo, 199. 15 E. and its 
abi 34. 34 S. If theſe Determinations of the Situa- 
tions of the Cabe Point and Cape Falſo are in any reſpect 
_ uncertain, it ariſes from the Imperfection of the Charts 1 
was obliged to make uſe of, in reducing the Longitude and 
Latitude from the Cape Town to the Two mentioned; Points: 
For from the near Agreementofthe Abbee de la Caille's Obſer- 
vations with thoſe of Meſſrs. Maſon and Dixon, it is probable 
that the Situation of few Places is better determined than that 
of the Cape Town: But if any one has Poſſeſſion of any 
Manuſcript or printed Charts of theſe Parts that he thinks 
may be depended upon, or has any Opportunity of deter- 


mining the Points in Queſtion relatively to each other from 


the Compariſon of ſeveral Journals of Ships, he may perhaps 
fix theſe Places with more Certainty than is here nee 


to. | 
It is to be obferved that 4 correſpoidert Obſervation of an 
Eclipſe of a Satellite of Jupiter, made under a well known 
Meridian, i is to be preferred to the Calculations of the Ephe- 
meris for comparing with an Obſervation made in a Meridian 

whoſe Longitude is required; but if no correſponding Obſer- 


vation can be obtained, as is frequently the Cafe, it 18 will RR 


beſt to find what Correction the Calculations of the Ephe- 
meris require by the neareſt Obſervations to the given Time 
that can be obtained ; which Correction applied to the Cal- 
culation of the given Eclipſe in the Ephemeris, renders i 
almoſt equivalent to an actual Obſervation. 
The Longitudes and Latitudes of the Planets, Page EE 
ferve to Know where to Jook for them in the Heavens, _ 5 
* 


= an r 


— 


Points of their Orbits, where it is moſt material to obſerve. 


- 
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Wen their Places may be conveniently ſettled by comparing 


themmvith fixed Stars by the Help of a Micrometer in a Tele- 
ſeope. They alſo ſhew when they are in the moſt important 


them, They alſo ſerve to enable Perſons leſs ſkilled to dif- 


tinguiſh them from the fixed Stars. Their Declinations and 


apparent Time of paſſing the Meridian are particulary uſeful 


to Aﬀronomers who are furniſhed with Quadrants and Tranſit 


Inſtruments well fred in the Meridian, in ſetting their In- 


firuments for obſerving their right Aſcenſions and Declinations. 
The apparent Time of a Planet's paſſing the Meridian may 
be computed thus; the Planet's right Aſcenſion being calcu- 
lated from its Longitude and Latitude, and turned int Time, 
fubſtract the Sun's right Aſcenficn at Noon in Time from it, 
to find the Time of the Planet's paſſing the Meridian nearly, 
which call T; take the Difference of the © and Planets daily 

Variations in right Aſcenſion in Time; if the Planet is pros 
greſſive in right Aſoenſion, or the Sum if it is retrograde, which 
call X; then ſay, by the Rule of Proportion; 


A 2% F X T X: e and Ta will be the correct Time 


cf the Planet paſſing the Meridian. The upper Signs are to 


be ufed--both to X and e if the Planet's progrefſive Motion in 
right Aſcenſion be greater than that of the Sun; in any other 


___ Cafe the lower Signs are to be made uſe of. 


But perbaps it may be found more readily by continual 
Approximation as follows: Take the proportional Part of the 
Difference or Sum of the O and Planet's daily Motion in 


right Aſcenſion, anfwering to the Time of the Planet's paſſing 


the Meridian, found nearly, in Proportion to 24*. and take a 

forther like proportional Part of this proportional Part; and 
again of this laſt, and ſo on as far as is neceſſary. The Sum 
or all theſe. proportional Parts added to the Time of the Pla- 


-net's paſſing the Meridian found nearly, if the Planet's pro- 


gieſſive Motion in right Aſcenſion is greater than that of the 


Sun, otherwiſe ſubſtracted, gives the apparent Time of the 
ie Median, ans ie 2/7, 

Example: Let it be required to find the Time of the 
Moon's paſſing the Meridian, July x 1767, 8 


* Ty" 


Ihe Suns right Aſcenſion in Time July 1ſt is, 65. 400. 257, 
and July 2d, 6*. 44. 33/. by the Ephemeris. Therefore his 


daily Motion in right Aſcenſion is 4/. 8/7. The Moon's right 


Aſcenſion July 11tat Noon by the Ephemeris, is 1599. 2/. an- 
;{wezing to 108, 30/, a, of Time, and July 2d is, 1099. 39/. an- 


ſwering 


* 


How it - 


twhing ts 10. 18/ 36% The Difference is, 42/:28/7, of Tims, 
from Which . 8/. being ſubſtradted leaves 38/. 20/7. Subſtra@ 


. 400 2%, the Sun's: right Aſcenſion July iſt, at Noon fam 


10, 36,8/ the Moon's right Afcenfion the fame Noon, the 


Remainder 35. 55!.43/%.'is the Approximate Time of the 


Moon's paſſing the Meridian. The proportional Part of 380. 20% 


anſwering to this, is G. 1% and the proportional Part of 6/. 17%. 


1s 9%; therefore 6. 17“ and 9% or 6/. 26% added to 3A. 554. 


43% give 48. 2. of, W Time ef the Moons 
phemeris it is 4 f. 2. It may _ 


paſling the Meridian. In the | 
alſo be computed by taking the Difference of the Moon's 


right Aſdenſions at Noon and Midnight, but then half the 


Sun's daily Variation in right Aſcenſion muſf be made uſe of, 


> 


and Proportion muſt be made for 12 inſtead of 24 Hours: 
And if the Moon paſſed the Meridian after Midnight,” the” 


_ Sun's right Aſcenſion at Midnight muſt be uſed, which is a 


Mean between his right Aſcenſions on the 3 and ſub-. 
ufficient to take the 


ſequent Noon. For the Planet's, it will be 
firſt proportional Part only. 5 


The Configurations of Jupiter's Satellites, Pa e 5, exhibit the 


apparent Poſitions of the Satellites with reſpect to each other, 


ai. d to Jupiter at ſuch an Hour of the Evening or Night as 


the Satellites from one another. jupiter is diſtinguiſhe 
the Mark O, and the Satellites by Points with Figures an- 
© nexed, the Figure 1 ſignifying the Satellite, 2 the fecond 


they are moſt likely to be obſetved, and ſerve to Kos ene 
by 


Satellite, Sc. When the Satellite is e f. towards 
e Point; 


Jupiter, the Figure is put between Jupiter and t 
and when the Satellite is receding f n the Figure is 
put on the other Side of the Point. The Satellites are in 


the ſuperior Parts of their Orbits, or furtheſt from the Earth, 
when they are marked to the right Hand or Weſt of Jupt- 
ter approaching him; or to the left Hand or Eaſt of Jupiter 


receding from him; but are in the inferior Part of their Orbits, 
or neareſt to the Earth, when they are marked to the right 
Hand or Welt of Jupiter receding from him, or to the left or 


Eaſt of Jupiter approaching him. The Cypher o ſometimes 


annexed to the Figure of the Satellite towards the Margin, 
ſigniſies that it is inviſible on the Face of Jupiter; and the 
black Mark @, ſignifies that it is inviſible; being eclipſed in 


Jupiters Shadow, or behind Jupiter, and eclipled by his Body. 


The 7th and 5 following Pages of each Month contain the 
| Moon's Place, and all the Circumſtances relating to her Mo- 


* 


* 


| | 450 1 , 
i and her Diflances from the Sun und ober Stars; 85 | 
' which) her Diſtance ſhould be obſerved for finding the Longi- 
* tude at Sea. The Longitudes, Latitudes, and Declinations of 
the Moon, and Lime of her paſſing the Meridian, afford tlie 
like Uſes With the ſame Fo ety Pon of the Planetary Mo- 
tions, and many more beſides. For thie ſake of greater Preci- 
ſion, the Moon 5 Longitude, Latitude, Right e deen 85 
nation, Sernidlameter, horizontal. e en, with: its 1 
or proporticnal itim, are computed twice a Day, 
2 Midnight, he may readily be inferred to hy toe interme- | 
_ diate Time with the greateſt Exactneſss. 

Example: Let it be required to find ne Woo Low vitnde 
"had Latitude, Sc. July 19, 1767, at 16% 22/ 16% Firſt 8 
Find the Longitude. The Moons Longitude, July 16, at 1b. 
is o, 69, Py and Wy: 17 at Noon, os. 13% 4%. 480%. 
the Difference 78. /, 237. Is tlie Moons Motion in 12 Houts; 
Lay then, by the Rule of Proportion, © 0 

As 12. is to A, AE 16/. (tlie Exceſs of 165 426 10%: above 


128.) fo is 9e. 23. to 26. 35, 417. which added to = 


. 62::40/, 260. the Moon's Longitude. at 12. gives 0. 

16“. 6% the Moon's Longitude nearly; but this muſt be . 
rected on Account of the Moun's unequal Motion in 12 
Hours, by. Page II of requiſite Tables; for this Purpoſe take 
out of the Rphemeris the Two Longitudes of the Moon nent 
| preceding the given Time, and the * eee immediately 
ä it Finns ow: down. in Order one aſter Os as. 


1 5 55 [ot Dif. [24- Dir 


Hs hoy 16, Noon 5. 29 20.34 F 
Midnight o. 6. 40. 58. 12 i 
NMI Noon . 13. 47. 24. . e 
ideen 0. 20. 51. 27. is ; Tet 


* . Differences, 70. 100 517 7 tn 1 7 2 8 
take the Differences of theſe ee ee 2d Din rene e 
38% 3%, 44, and take their Mean which is 3.35% Now look 
for the Correction in Page 11 of requiſite Tables anſwering 
to 4b, 22/ after Midnight, HE on the Side, and 3* 36% at 
Top; 270 will be found under 3 and 28 //. under 4% the 
the Difference: is 7//, whence 35% will requite 4/7, and the 


e ſought i 18 21 7· ＋4 7 Drs. Which, according to 
* Remark” at the Bottom of the Table, muſt be added (be- 
„ 


* 5 Ps EE - 
; de 2 ＋ . . 


1 N 5 3 160 670. the Moons N found by. even 
Proportion; whence the Moon's true Longitude-is %. 16% 


31, wei is 8s! „ from which. it ;is/de- 


| N. B. 11 the firſt Differences of the Fo Longs 
Moon taken out firſt inereaſe and then ee . or, vice 


* 2 «P; THEFT 


def the 


verſa, firſt decreaſe and then increaſe; take*balf.the.Differ- 
ene of the Two ſecond Differences for the Mean fecond Dif- 


ference; with which take the Correftion frem Page 115 © 
add or ſubſtra&it-as the 1ſt. firſt Difference i is greater o 21 E 


than the third fixſt Difference. 


+ To find the Moon's Latitude, 


Ake out of tlie Ephemeris HA 


Two Latitudes preceding and Two follow ing the ee Timer 


and ſet them of omg in Orders and take their firſt and ſ 


Differences, and the mean of the Two. ſecond Differences; L708 : 
tional Part of the Middle firſt Difference anfwer 


the 


the Hours and Minutes; Sc. of the 
ght ; which correct in the following Manner: Entering 

11 with the Hour from Noon ot de it. on 
ſecond Difference at To 


Midni 
Table 


the Side, and the mean 
the correſponding Number of Seconds, Which 5 


age 


ven Time after Noon 4 


& but 
164 o or 


ſubſtracted from the proportional Part found above, 2 | 


as the Motion in 12 Hours or firſt Differences are decrea 


or increafing ; or, more generally, according as 1ſt fitſt B 


* 


ference is greater or leſs than third firſt Difference, gives he 
proportional Part correſted; 
ſtracted from the Moon's Latitude at the preceding Noon or 


Midnight 
| derreating, 8 
Example: 

| 22 U. . 73 


he the Ephem. iſt Dif ad Dit 
5 ay 165 oe” . 31 10 N bb hg be. "2 
Midnight 4 49 — 5 147 14 36 

17 Noon , 3 26 „ 

B 5 


wen 5 12 * 8 
| 1 


Which now a 


lenk 


dded to or ſub⸗ . 


„as the Latitude in theſe 12 Hours is increaſing or. * 
ives the Mcon's Latitude correct. 5 
The. CEE Latitvde 1 is e Tal 66, in. 


4 


___ correct 


ö g N. and the ke Moti 4n the nent 12 Hoorbeing?; 13 goth! 5 


511 | 72 n 
3 1 24% 1571. ok 15% ey, 2/1 ;but this | 
mult be correted by adding 33/1, the Correction from | 
14; anfivering to the Hour 48. 22“. and the Mean Sect nd. 
Difference 44071; becuuſe the firſt Differences are dec * 
or füther becauſe the firn bf them 18“. 26 ft. is greater than 
the laſt of them 84 6¹. therefore the proportional Part 
ertyeſied? & </vig 3 35%, which added to cd | 
3 e 55 — Tat, 155 the 1 de or». 
0 in "ces to 5 105 apa 2 Nee hip of fecond (Die: | 
ferences rightly in computing the Moon's Latitude: 
I. If the Moon's Latitude taken out of the beer de or 
Wan and Midn' ght changes its Denomination from N North to- 
South" or from South to North, the Sum of the Two: Latitudes 
&f contrary Denominations,: Where the Change happens, is 6 
be accounted: the firſt Difference in that! Place. 
II. If the Three firſt Differences firft increaſe and idle; 
exeaſe, or vice verſa, firſt decreaſe and then inctraſe, Half tha 
| Difference of the. Two ſecond Differences is ar on 
he mean ſecond Difierence... © 58 
III. If tlie Series of Four Latitndes oth Fre in- 
5 Gale and then decreaſe about the Moon's: greateſt Latitudes, 
tale the Sum of the Two firſt Differences ſtanding: on each 
Sicle of the greateſt Latitude for the ſecond Difference in that 
Place; correct the Moons Latitude at Noon or Midnight by the” 
ſimple roportional Part firft found ; and to the Latitude ſa 
3 add abvays in this Caſe the Cortection from Table 
Page 11, anſwering to the Mean of the Two ſecond Dif- 
__ ferences. 
Before T quit this Subject 01 Interpolation by ſecond Dif- 
ferences, -I ſhall point out another Method, by which the 
ſame End may be obtained more readily, and with fewer 
Rules, by thuſe who are well aqqua ainted with algebraical Sub- 
traction and Addition, and the Manner of applying . 
in thoſe Operations. gba each Latitude from the fol- 
_ lowing for the firſt Differences, to which prefix the Sign — if 
the Latitudes decreaſe ; and ſubſtrat- each firſt Difference, 
thus found, from the followiug one of the fame Order for the 
ſecond Ditferences, Half * 2 ot the Two WW DF 


The Moon's Declination may- be Sound at any kes in dhe | 


1 3 
rents g on each Bide ef the Interval to be interpo- 
tated; is tn be accounted the mean ſecond Difference; the 
Correction correſponding to it 3 and iso be - 
| <P always with the 9 55 
Theſe Operations are to de — and the 8 


further, if the Four given Latitudes change their Denomina- 
2 call the! ſecond Lati @= and ; 


% 
— fame Manner as her Latitude; but as the Correftion arifing 
from ſecond Differences will neves: exceed 2H, this may he 
neglected on mot Occaſions: but if any one is deſirous to ob- 
tain the Declination true to a en Cor reftion aer 
"8 The other Articles of Page: 3 and. 8, Sie the Moon's 1 


'F pris. and the Dittances contained im the Fout laſt Pages 
| of the Manth, may be all ound carrektly by even Proper. 
en, without requiring any Allowance on 3 of ſecciid 
Differenoes. The proportional Part of the Moom s Longitude, 


Se, for any Hour, may. be found vety'readily by de, Hep or 


the Fable of proportional Logarithms at the End of the requiſite 
2 "Tables: For which conſult the Explanation of thoſe: "Fables, 
The Moon's Lnngitude and Latitude are uſed in computing 
„ from the Sun and Stats contained in the Four: 


Pages of the Month, as well as in the Appulſes to Stars pointed 
- out in Page 1, and, jbintly with her Parallax and Seinidia- 
meter, are neceſſary for — the Eclipſes of the Sun 


and Moon, and the Occultations of fixed Stars and Planets\by 

the Moon. They alſo facilitate the Calculation af the: Lon- 
gitude of any Place from an Eclipſe of the Sun, or an Oc- 
cultation of a Star or Planet by the Moon obſerved: Or, if 
the Meridian be well known, the Parallax and Semidiameter 


ſerve to deduce the Moon's true Place in the Heavens fromthe 


ag almoſt all Obſervations: of the Moon. The logiſtic Lo- 
garithms of the Moons Parallax, ſerve further to facilitate 
the Calculation of Parallaxes, but if the Table of proportional 
3 en End of the requiſite Table . be made uſe, 
#4 „ 1. 4 HIER 4 2 . N T5 4 2 35 at's gur 


: — as in algebraic Subſfraction and Addition. Note 
oſe of a contrary De- | 


„ her Semidiameter, brenn Parallax, with its 


Obſervation, which compared with tliat given by the Ephemeris 
_ thews the Error of the Tables, wliatever it be at that Lime. 
The Moon's. Semidiameter and Parallax are applied in corett- 


292 al ow added. n otitis Logarithms Gf he 


Moons horizontal Parallax contained in the Ephemeris o 


15767 to reduce them to proportional Logarithms, !- It: will be 
more convenient to ſubttitute proportional e ok the 
Meon s \Parallax inſtead of W iſtic Lo in 4 fu 


| . Ephemeris, r 
The Moon's right Aſcer 


© compute her Altitude at any Time, Wain at the C Ob- : 


ſervation of her Diftance from̃ the Sun or a Star, ſuppoſing it 


as 1 to be or cculd not be obſeryed properly; which 
-gatter 

think but ens the utmoſt Accuracy not being 
for the Calculations of Refraction and Parallax. 


ifequired 


Semidiameter and Paral 
the Meridian Altitude of her upper or lower Limb obſerved 


aſe may ſometimes happen in the Night, though I 


See Britiſh 
Mariners Guide. Page 57. The Moon's Hoclimition, with: her 
"A ſerve for finding the Latitude by 


* 


dt Sea. See Britiſh Mariners Guide, Page 93. The Moons 


ght Aſcenſion and Declination ſerve. alfo to compute: the 
1 ime from her Altitude obſerved at the Obſerraticn of her 
Piſtance from a Star; Whence the Longitude may be inferred, 


though no Altitude af the Sun or a Star was taken for ce > 


5 Boing the Time. See Britiſh Mariner s Guide, Page 6r. / 


The Diſtances of the Moon from the Sun and fixed Stars, 


5 contained in the Four laſt Pages; of the Month, are ſet down, 


0 every Three Hours of Apparent Time by the Meridian 


of Greenwich, and are getens to relieve the Mariner from 
the Neceſſity 1 Calculation, Which he might think prolix 
and troubleſome, and to enable him, when com red with 


the ſame Diſtances obſerved carefully at Sea, to infer his Lon: 
5 gitude: readily: and with little Danger of Miſtake t0 ad. 
tee of Exactneſs that may be thonght ſufficient for moſt 


k nautical Purpoſes,” But uſeful and valuable as the Practice 


| 2 \ worthy gur Natice, that there is Room to hope, by future Im- 


Proxvements of the lunar Tables, and the Introduction of 


more accurate Method of eee Inſtruments, it may 
be carried to a much higher Degree of Perfection. 


tlijs Method may be at preſent, it is a Remark not un- 


The Mpon's D are computed: both from the fun | 
and proper Stars, and generally from One Object on each 


. Side of - hex, to afford. he iner a greater Number of 


Opportunities of Obſervation, and a Means of attaining! a 


a e 9 of e The Diitances From bg 6 Sun 


— 


_ me Moon i is . the' Diſtances: of 209 an wi —— the 
Sun, her Diſtance is computed only from à Star on the co 
trary side that the Sun is. When: the is between the Di- 
tances of 40% and gs?! from the Sun, her Diſtance is con- 
- puted both from the Sun and from a Star on the 
Side to the 8un; when the Moon is above 909 from the Sin 
her Diſtance is computed from Two Stars, one on'each* Side 
of her; though ſtill her mee is computed alſo from the 
Sun from go? to 1209. Though the Diſtance of the Moon 
from the Sun or Star, well obſerved with à good Infirument 
is ſufficient to determine the de with the Help of * 
Ephemeris, always within a we” i and generally: much 
* nearer, yet it will conduce to ſtill greater Accuracy, if the 
Obferver takes the Diſtance of the Moon from TWo Stars, or 
the Sun and a Star, or, when the Moon is between go and 
120 Diſtance from the Sun, from the Sun and Two Stars, if 
he can be ſo lucky as to obtain theſe ſeveral Obſervations.” 
The Longitude being computed from the Obſervations 
hide: with each Star reſpectively, the Mean of the Reſults 
is to be taken as probably approaching neareſt to the ttue 
Longitude. In particular the Moon's Diftance ſhould be taken 
from Two Stars, or the 8un and a Star on each Side of her, as 
often as Opportunity permits, ſince the Mean of the Reſults will 
"FRI be at leaft as exact again as either ſeparately, 1 mean 
as far as depends on any Imperfection of tlie Inſtrum 


* unavoidable ſmall Errors _— in the Uſe of them; Br SE 


rors of theſe Kinds having a natural tendency to correct each 
I eber - for that fmall — which arifes from the lunar 
Tables will affect the Reſult from either Sta — 1 But the 
Eve of Mr. Mayer's laſt lunar Tables here uſe of, ſcarce 
ever exceeding 1/ at the moſt, and ſeldom amounting to20/. 
the Uncertainty hence ariſing in the Determination of the Lon- 
de can ſcarcely exceed dan a Degree, and generally _ 
| not exceed 10 Miles. 

The Diſtances ſet down in the Ephomerity afford: the Ob. 
ſerver a ready Means of knowing the Star from which"the 
Moon's Diſtance is to be obſerved; for he has nothing to 
do but to fet his Quadrant to the Diſtance computed roughly 
from the Ephemeris, e Seconds, at the apparent 
Time eſtimated nearly eridian of Greenwich; and 
0 direct his Sight tc the Eaſt or Weſt of tlie Moon, accord 
8 as the * 15 Seer ah is . in a 9 and 
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$ b\ricthy, to interpolate 'Fbree Diftans S8 


* 


2 2-N 5 0 i x 7 1 2 ; : * - 
5 | al i 8 d f : 
4 ; * 2 7 x 2 55 


ive a Sweep with 
© .the Quadrant to the Right and Leſt, anck he will find. the 


Star he ſeeks for, if above the Horizon and the Air be clear, 


ont N Line perpendicular to the Line of the Moon's 
Avis, or, which is the ſame Thing, in the 
mm ftoon's ſhorter Axis produced. The Star is 41 
— one of the brighteſt, fo. that there is little Danger of 
miſtaking another for it, if the preceding Directions are 
carefully obſerved. The Fine: at Greenwich is eſtimated 
nearly by turning the ſuppoſed Longitude from Greenwich 


Into Tinte, by Table Pages, 7, and 8, and adding it te or 
> -fobſtraQing it from the Apparent Time at the Ship, ab its Loh-, 


gitude is Weſt or Eaſt of Greenwich. It will — ſufficient if 
dhe Diſtance be omputed from the ere within 10“. or 
20, for fetting the Quadrant. 'The- 1 Uſe of the 
Diſtances of the Moon from the Sun don Stars; namely, 
in determining the Longitude by Compariſon with the correſ- 
pl ing Diſtances: obſerved at Sea, will be ſhewn hereafter 
An its proper Order, in the Difſertation explaining the Me- 

tw of computing the "amet: at eps geg . ard 
The Diſtances contain in the As were nm 


| tt Hrictty to Noon and Midnight, and thence interpolated Gr 
nm Three Hours, according to the Method ſhewn for com- 


ting the Moon's Latitude, Page 1.19: Except that the 


ene eee e e e er- 
Val to be interpolated, was taken of the Me 


lean of the TW 
ſecbnd Differences, and at the firſt and third Quarter of the 
Interval was taken of the Correction juſt found at the 


Middle of the Interval; inſtead of conſulting. Table 1 „ 
t, at ; 


which would however have given the {ame — 
the firſt 12 Hours when the Diſtances of the Moon Band 2 


Star begin, and the laſt 12 Hours when the Diſtances end, 


there being only One ſecond Difference inſtead of To ſe- 
cond. Differences on each Side to take à Mean of, this Me- 

-thod fails in theſe Caſes, and therefore the following is to be 
© Cabftituted in its ſtead, being derived from Sir Iſaac New- 
„tons Solution of the Problem of drawing bh ee k Mr 1 8 
Ates. 1 5 


From Four Diſtances at Se e are 1 
at the 3d, 6th, and 


Gyth Hour of the firſt or Laſt Interval. : 


 Subſ mY 


i 1 1 


- Subſicatt each Diſtance from the following, for the firſt” 


Differences, and prefix the Sign —, if the Diſtances. de- 
creaſe, Subſtract 5 firſt Differenee thus found from the fol- 
lowing one ofthe ſame Order, for the ſecond Differences: And 
in like Manner ſubſtra& the firſt 2d Difference from the fol- 


lowing for the third Difference; applying the Signs as in 


algebraic Subſtraction. Denote the firlt or laſt firſt Difference 
by b, the firſt or laſt ſecond Difference by c; according as the 
Interpolation to be made is for the firſt or laſt 12 Hours, 
denote alfo the third Difference by d; and, à being put to 
ſignify the Diftance at the Beginning of the Interval, 83 in- 
terpolated Diſtances will be as follows : 5 


Av 30 Hour bf firſt Interval _ 27 45 — the g: 1 92 


At 6th Hour of firſt Interval a2 1 4c 
At oth, Hour of firſt Interval "0 1 5 1 = Ke ＋* thy 4 


At 3d Hour of laſt Interval 55. 8 0 4b — - Fc — 1 4 


At 6th Hour of laſt Interval 25 — 4 c— 4 
Alt gth Hour of laſt Interval 24. 4% — . — 14 


ti adapting theſe Souls to hn great Care muſt 


> 5 taken a the right Application of. the 8 on. Thus if 
ing the Value 


B, c or d is Negative, a it hae Number expre 
of that Term of the Fo where it is found with a contrary 
Sign to that of the Formula, 


; me add in this Place, that if in filling up the firſt and 74 
laſt e a new ſecond Difference has been ſuppoſed in 
arithmetical Progreſi on with the Two given ones, in order-to. 
take a Mean between it and the firſt or laſt ſecond Difference, 


te Interpolation at the Middle of the Interval or 6th Hour 
will be had true, the ſame as if the above Formulz had been 


uſed: But at the Interpolation . the firſt and third Quar- 
ter there will be an Error of rr third Difference ; which 
will be corrected, by applying + 12274 or third Difference, t 5 
of the Interval, and —y fy & 
to that found at the third * of the gare e * 


Number found at the firſt Quarter 


| the _ whether it 25 the. rſt © or . eg eng 
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Relative to the obne of the 5 


Pranſit of the Planet VENUS over the : 


_ Sun's Diſk, on the 3d of June 1769. By 
the Reverend Nren e A. M 


* R. yo Aſtronomer Royals... 5 e 1 


— "HE Trankt of che Planer Winde U the SUN 


Diſk, is a curious Phœnomenon in Aſtronomy, 
: Which does not happen above once or twice in 4 
5 Century. The Firſt which was ever ſeen ſifice the Begit- 


ning of the World, was that which: happened in the Year By 
1639, and was predicted by Mr. Jeremiah Horrox, a . 


Engliſhman, and obſerved only by him and his Friend Mr; 


Crabtree, both living near Liverpool. The Second Trans 
ſit of Venus was the late One of 176t, and was predicted 
by. that great Aſtronomer Dr. Halley in 1716, Who at 
the ſame Time pointed out to Aſtronomers a new and im- 
portant Uſe that might be derived from it, viz. to deter- 
mine to great Exactneſs the Sun's Parallax, and conſe- 


_ quently his true Diſtance from the Earth, and the Dimen- 


ſions of every Part of the Solar. Syſtem, provided that cor- 


reſponding Obſervations were made of it by Aſtronomers in 


diſtant Places for that Purpoſe, The Theory of the Mo- 
tions of Venus being not known ſufficiently in Dr. Halley's 
Time, it turned out that Venus in the laſt Tranfit paſſed 
eater Diſtance from his 
Centre than he had ſuppoſed ſhe would, Which very much 


over the Sun's 'Diſle at a much g 


I and rendered 


altered the Circumſtances of the Phær 


it much leſs advantageous for determining the Sun's Pa- 


rallax than he had hoped for. Moreover, unfortunately, 


the Aſtronomers who were ſent out oy the Engliſh and 
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all able, MP als 1 to reach the in. 


tended Places moſt ſuitable for drawing the greateſt. Uſe 
from the Obſervations, or were hindered from making them 
by bad Weather. | 
I berefore, though con Gderable Anas” were- de- 8 
"Roe: to Aſtronomy from the Obſervations of the laſt Tran 


CR fit made by Aſtronomers: in various Places, yet we are ſtill 
"© 5h expect to receive the full Benefit which this Phænome- 
non is capable of affording us, from the enſuing Tranſit, 


Which will happen on the 3d of June 1769; Which is as 
well circumſtanced for the Purpoſe as we can well deſire, 
and indeed more favourably FROM the laft Taft Was ex- = 
pected by Dr. Halley to be. 1 
But, in order to profit . thoſs e chen ” 


ſtances, endeavours muſt: be uſed to have careful Obſerva- -. 


tions made on this Occaſion in as many various and diſtant 


Places as we can, as well to obviate the Hazard of ſeveral b 
Obſervations being defeated by unfavourable Weather, as 
toconfirm and eſtabliſn the Truth from the Agreement and 1 5 


eee of ſo many different Teſtimonies. 5 

It may be added, that Obſervations of the Tranſit of ve⸗ 5 
nus made in various Places, together with the other Obſer- _ 

vations made there in Conſequence of it, will have another 


great Uſe in ſettling the Latitudes and Longitudes of the 


Places, and that even though the Obſervations thro? various 


. Cauſes may not reach that abſolute Preciſion which is re- . 


5 e for deducies; the aſtronomical e before i 
ſpoken of. ; 


As many ingenious 0 who have wines their Minds _— 
to aſtronomical, mechanical, or mathematical Subjects, ma 


be ſtationed in various Places where an Obſervation of this 
Kind would be very valuable, and may at the ſame Time 
be furniſhed with ſufficient Inſtruments for the Purpoſe, 
but may be deſirous of having ſome Inſtructions afforded 
them concerning the peculiar Nature of the Obſervation in 
3 and other Attentions to be eee both pre- 
vious and ſubſequent thereto, in order to make their La- 
| bours e 4 hall here offer to {os Aa few Hints on this 


F 


5 . Ts 1 
1 PROT? "which; + hope, may. encourage then to exert 
their utmoſt Endeavours upon the Occaſion, and I heartily 
wiſh them all poſſible good Fortune and Succeſs. At the 
ſame Time, I think myſelf happy in thus concurring With 
the noble Views of the Royal Society, and the generous En- 
couragement which the Honourable Directors of the Eaft © 
India Company are pleaſed to afford to the Improvement 
of Science, by recommending the Obſervation of the Tran- 
ſit of Venũs in 1769, as they did that in 1761, to their 
Servants in their Settlements abroad, and thereby promo- 
ting Aſtronomy and Geography, on” which" Navigation Wo 
VJ by 
The Planet Venus, iel direſted Fey: Per Radianey; 
will traverſe the Sun's Face from Eaſt to Welt on the 3d of „ : 
June 1769, in Form of a round black Spot, and will de „„ 
ſeen, if the Weather be clear at the Time, to all Places _ || 
the Earth where the Sun is up. She will be viſible to 
ſharp Eyes without a Teleſcope, only defended by the In- 
ter poſition of a dark Glaſs ; but will appear much more 
beautiful, and may be obſerved to much more Advantage, | 
with the Hel p of a Teleſcope. Here the Precaution of in- 
|  terpoling a dark Glaſs between the Eye and the Teleſcope 
is abſolutely neceſſary to be taken, without which the 
Sight may be deſtroyed, or greatly impaired; but, thus 
| ſhielded, it will be perfectly ſecure from Danger or any In- 
convenience. Venus will begin to enter the Sun's Dilk'to 
the North-Eaſt Part of the ſame, reckoning the Point of 
the Sun's Circumference or Limb neareſt to the North 
Pole of the World to be the North Point. Her Diameter 1 
will ſubtend near a Minute therefore, as that of the Sun is —-Al 
about 312 Minutes, her Diameter will be about 44,4 of t at” Po 
: of the Sun, She will move a Space of about 4 Minutes or A 
4 Times her own Diameter in an Hour, along a Line or 
Chord, which at its neareſt Approach is 10 Minutes Dif- 
tance ftom the Sun's Centre, Thus ſhe will take about 6 
Hours and 20 Minutes (excluſive of the Effect of Parallax)" 6 
to move over the Sun's Diſk, ſrom her firſt making a 1 


Go Impreſſion i in the Limb on the N. E. 3 1 her going 
go 1 55 e out 
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; and in t 48 e 


i os he Su 28 intireagain. ""The Firſt leaſt vilible imm; 
preſſion made by Venus's inner Limb upon the Sun's Limb 
eee, 1 he * Faker Aer . 7 = 


„ 


; : the wy Panos: of Vans 5 05 ce upon the 3 1 


After this, Venus gradually makes a deeper and . x 


Cl Impreſſion or Notch. in the Sun's Limb, and in about 9 


Miautes Half her Opaque Body will be ſeen upon the Suns 
Body eclipſing an equa}. Part of the fame, the other half 
of her body being without the Sun's Diſk, and therefore. 
inxiſible; in 9 Minutes more, the whole Body, of Venus 
will be introduced within the Sun's Diſk, and her um, 
Limb will touch the Sun's Limb edel or form,” vhat” 
is called the Ficſt,internal. Contact. 1 
She will now recede from the Sun's. Lamb by e 


N ing nearer 10 his Centre, and. 1 in about . 52, M. more 85 


the Care; aa will Thee recede ok the ee Shot Bog 
and-in. 2H. 52 M. more, her outer Limb will touch the 


Sun's Limb internally on the North Weſt Part of the Sun's 
Circumference, and form the ſecond internal Contact; the. 


Will now be leaving the Sun, and in 9 Minutes her Center N 


will appear upon the Sun's Limb, and about 9 Minutes 


after that her inner Limb will touch his Limb externally, 
or male the ſecond external Contact: And the Impreſſiann 
made by her Body in the Sun's Limb bei 
dually imperceptible ſhe will go entirely out of the Sun, 
II The moſt important Obſervations of the Tranſit of V. 
nus are thoſe of e Contacts of her Limbs wth. the Sug? 92 


become gra 


particularly the internal Contacts. 

The beſt Teleſcopes muſt be uſed that can be a by,” 
refrating Teleſcopes of 15 or 20 Feet, reflecting Tele- 
ſcopes of 18 Inches, or 2 Feet Focus, or achromatick "Ta + 
leſcopes, of a new Conſtruction, of 5 or 10 Feet, with 


double Object Glaſſes, or thoſe of 34 Feet with treble 
| On Gute _ n * uſed for the Obſer⸗ 


4 1 Ta - vations 


3 1 5 1 
convenient 8 this 5 xt 


; will every 


The exact Times of the . Sl”, ks foe 5 10 20 · z 
| cording. to a Clock, regulated by Obſervations of the Sun 


or fixed Stars made on the Day of dhe Tranſit, and alſo on 


ſeveral Days before and after, e as the Weather, : 


= Aol permit. „ 
Te Obſervation of next Importance To the Contacte, 


. is that of the neareſt Diſtance of Venus from the Suns 
Centre, which is beſt done by the new divided Object Glaſs 
Micrometer fitted to the End, either of a refleting Tele. 


ſcope, or the new achromatick refracting Teleſcope of 33 


Feet above mentioned; other Diſtances of Venus from the 
Sun's Centre may ao have their Uſe. But the Obſerva+ - 
tions of the Contacts alone may be ſufficient for -_ one 
a nerality: of Obſervers: to attend to. : 
It has been remarked above, that dark Glaſſes ſhould 56 : 
* to defend the Eye from the Intenſity of the Sun's 
Light. Träanſparent Glaſſes ſmoaked aver the Flame of a2 
Candle or Lamp, and applied to the Teleſcope, will give a 
more diſtin and agreeable Viſion of the Diſks of the rene 3 


| aye: Venus than any tinged or coloured Glaſſes will do. 
Provide ſome Pieces of clear Glaſs, not too thick Fang 


common Crown Glaſs uſed for Windows may do as well 
as any) cut two of them into equal Rectangles of conve- 
nient Lengths, and wipe them clean and dry, and warm 
them a little by the Fire, if the Weather be cold, to pre- 
vent their Cracking when applied to the Flame of the 


9 Candle ; then draw one of them gently, according to its 


hole Len gth, through the Flame, and Part of the Smoke 
with ie, to the Glaſs ; repeat the fame Operation, only 
leaving a little Part at one End now untouched ;' repeat 
the Operation, leaving a further Part at the fame End un⸗ 
touched; and ſo each Time leave a further Part at the fame 
End e till at laſt you will have tinged the Glaſs 
with ſeveral Dies, increaſing gradually in Blackneſs from one 
End to the other; ſmoke the other Glaſs: in like Mauner, 
1 the two ag one againſt the ther, only 0 , 
I 


» 


: 5 


8 


ö 1 


1 


e 3b ee e corre; 7 


per, the ſmoked Faces being oppoſed ło each other, and 
the ape Tinges of both placed together at the ſame 
End; and tie the Glaſſes firmly together with waxen 


= Shroad and they are ready for Uſe.” The Tinge at one 1 
End ſhould be the ſlighteſt poſſible, and at the other End 


- fo dark that you cannot ſee the Candle through it; By 
this Contrivance applied between your Eye and the Tele. 


ſtope, you will have the Advantage, not only of ſeeing the 7 EE 


Sun's Light white, according to its natural Colour, and his 
Image more diftin& than through common dark Slaſſes, 
but alſo of being able to intercept more or leſs of his Light, 
as you pleaſe, and the Clearneſs or Thickneſs of the Air 


e e it, by bringing a darker or lighter Part of ls | 
combined dark Glaſs before your Eye, which will be a 


great Convenience at "all Times, but particularly when the 


_ Hiighmefs of the Sun is liable to ſudden Changes Form 


flying Clouds. This dark Glaſs onght to ſlide in a Groove 
fixed to the Eye End of the Teleſcope, in order to relieve 
he? Obſerver from the unneceſſary Trouble of holding it 
in his Hand, and, when not uſed, ſhould be kept in a 
dry Place, or well covered up from the Air, elſe the Moiſ- 
ture of the Air will penetrate between the Glaſſes, and 
ſpoil the Smoking. This Point ſhould be examined, and 
the Glaſſes aer lmoked, if e a: few Days before | 
the Trankt., . | 
The Teleſcope. will * eafier. 5 if it be ſag 
„en upon a Polar Axis, than by an upright Pillar in the 
_ uſual Manner. The ſame End will be anſwered: by a 
Braſs Socket fixed to the horizontal Top of a wooden Stand, 
under an Angle, equal to the Latitude of the Place, upon 
which the Teleſcope may be alſo ſupported. If the Axis 
of this Socket be directed to the elevated Pole, either by 
a Meridian Line or a magnetic Compaſs (allowing for the 
Variation) it will then be only neceffary to turn one of the 
Screws of the Rack - Work, which governs the Teleſcope, 
in order to keep the cœleſtial Object conſtantly in the Field _ 
"ob hc Teleſcope, e the diurnal Werbe > 
| The 


or the other in reflecting Tele 


EPS 


1 Thie Code Stand my ite Teleſcope: ould ol 355 he 

_ _ Ground, and not upon any wood Floor, if the Circym?. 
_ ſtances of the Place will admit of it. It is abſolutely ne- 
ceſſary that the Teleſcope ſhould be adjuſted to diſtin; 


1 vik on of the Eye of the Obſerver, previous to Obſerva-. 


tion. © This is done by turning the Side Screw one Way. 


5 pes; but by ſliding the 
Eye Tube backwards or forwards in refracting Ones, till 


8 you ſee the Object moſt diſtinct. A Mark may be made 5 


don the Eye Tube of the refracting Teleſcope, by which ijt 


may be always re-adjuſted to the ſame Poſition after any, 
Alteratian. There is ſomerimes placed on the Side of the 


Tube of reflefting Teleſcopes, particularly thoſe deſigned 
to be uſed with Dollond's Micrometer, a ſmall Scale, with a 


correſponding Vernier; the Telefcope being adjuſted to 7 


- diſtin& Viſion, the Diſtance of (o) on the Vernier from (o) 


on the Scale, which is expreſſed by the Diviſions of the 
Scale, and the Number of the Stroke of the Vernier, which 
_ coincides with a Diviſion of the Scale, is to be noted; 


whereby the Teleſcope may at any Time be re- adjuſted 10 ; | 


Diſtinctneſs for the ſame Eye, after any Alteration, by 


turning the Side Screw, in order to bring the Vernier to the 


ſame Point of the Scale. For obſerving the Sun, the Te- : 5 
leſcope ſhould be adjuſted fo as to ſhew the Sun's Circum 


ference, or rather his Spots, if he has any, with moſt Dif- 5 


tinctneſs. This ſhould be done, particularly by Way of 
Precaution, ſome Days before the Tranſit of Venus. For ; 
: obſerving the Eclipſes of Jupiter's Satellites, and other c- 


leſtial Phœnomena, the Teleſcope may be conveniently ad- 


| juſted, by noting when Ju piter's = Lund, or rather his Belts, 8 


. molt diſtinct. 


The Clock muſt be ſet up truly e wth = 


may be dane by making the Sides of the Caſe perpendicular, 


by means of a Plumb-line ; in ſome Clocks this may be. 


done more exactly by bringing the lower End of the Rod 
of the Pendulum, when at Reſt, over a ſharp Point placed 
for that Purpoſe, or over the middle Point of a divided 


Arch, intengen to ſhew to Quantity « We the Vibration o 
55 * > 


Handle, a Spring will be brought to act on the Wheels, 
which will keep them going during the Time of winding 
up the Weight; theſe Clocks are uſually wound up the 
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ing Stays on the two Sides. If the Clock be not fixed up 


firm, it will go very irregular ; therefore it muſt not be 
ſet up againſt any common Wainſcot, but fixed to the Wall 
 itfelf, Some aſtronomical Clocks are made to go 8 Days 


without winding up, and others a Month. By turning a 
e Wheels, 


contrary Way to that of common ones. They are fur- 


niſhed with Gridiron Pendulums, compoſed of Brafs and 
Steel Rods intermixed, or ſome other equivalent Coniri- 


vance, Which keeps the Diſtance between the Point of Suſ- 
penſion and the Centre of Oſcillation to be always of the. 


fame Length ; "ay they go nearly at the ſame Rate. 
during all the Viciſſitudes of Heat and Coll. 


In making Obſervations of any Kind where the Time is 
required to be known, catch the Second from the Clock by 
your Eye a little before the Time, and keep counting on 
the Seconds by your Ear, while your Eye is applied to the 
Teleſcope, till the Inſtant of the Obſervation arrives, then 


note the Minute by the Clock, and write it down, together 


over, the Clock muſt be fixed very firm, by ſcrewing tbe 
Back of the Cale: to wooden Plugs or iron Hold-faſts, 
driven in tight between the Joinings of a Stone or Brick 
Wall, or to an upright maſly Plank, let two or three Feet 
into the Ground at the Bottom, and ſupported; by inclin- 


the Pendulum on each Side of the Perpendicular; Moyy „„ 
t 


with the Second at which the Obſervation happened; and 


luaſtiy ſet down the Hour. Otherwiſe, begin to count the 


Seconds by the Ear from the Moment of the Obſervation, 
till you can ſee the Time ſhewn by the Clock, from which 
ſubtract the Number of Seconds which you counted, and 


you will have the Time of the Obſervation according to the 


Clock, It will be moſt convenient to count up to an even 
Number of Seconds, as 20, 30, or 40 Seconds, or 1 Minute. 
If the Obſerver is at ſuch a Diſtance from the Clock that 


be cannot hear its Beats, he ſhould have an Affiſtant to 
and near the Clock, and with an audible Voice count 


* * 


3 


. 


5 oe” — . 1 : * | 7 | 8 | s We 1 8 1 
the Seconds as they ſucceed one another in Order. „„ 
fame End may be anſwered by ſetting an Afſiſtant Clock _ 
which ſwings Seconds, and has a loud Beat, to the Time _ 
of the Aſtronomical Clock, and making the Obſervations = - 
its Beats inſtead of thoſe of the other, The Aſtronomicat © © 
Clock ſhould be regulated to keep mean folar Fim. 
I be readieſt Method for occaſional Obſervers to regu- 
late their Clock is by taking equal Altitudes of a fixed Stn  - - 
or the Sun's upper or lower Limb, on each Side of Z 
Neridian: But the nearer theſe Obſervations are made to | 
the prime vertical, of that which paſſes through the Faſt : 
and Weſt Points of the Horizon, the better, provided te 
celeſtial Body be not too near the Horizon, VVV Z 
The Mean of the Times of the equal Altitudes of s - 1 
Star as ſhewn by the Clock, gives the Time ſhewn by tle | 
Clock when the Star paſſes. the Meridian. But the Mean | 


of the Times of the equal Altitudes of the ſame Limb of - 


l 1 9 
3 K 1 
y p N FI e 1 cb Me bY Mt 1 
8 * 1 1 * rn 4 . * 
" WP Thea N 8 
— CE — * 
e ae at a. SS — 
a W 


the Sun muſt be corrected by the Equation of correſpond⸗ 
ing Altitudes, to find the Time of his Centre paſſing the 
earn, by the Clock, as will be ſhewn more particularly 
byranrtf On 
5 "Theſe Obſervations ſhould be made frequently, in order 1 
to know always the Error of the Clock with reſpect to mea 
Time, and alſo the daily Rate of its going; but particu» - | - 
larly on the Day of the Obſervation of any principal Phz- / 
nomenon, and for ſome Days before and after; „ 
The moſt exact Inſtruments for obſerving equal Alti- 
| tudes, are the Aſtronomical Quadrant and the Equal Altis \ 
tude Inſtrument. The former being of general Uſe in 
the Practice of Aſtronomy, on that Account deſerves the 
Preference. I ſhall therefore explain here at length the 
Methods of adjuſting it, and taking Altitudes by it, as 
well off the Meridian for finding the Time, as on the Me- 
ridlan for finding the Latitude of the Place, as follows. 
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in a bing 4 dletteste, > 


8 N 


1 phe "nr Coon Se 75 1 Poet 8 
Fes z it has two Jets of Diviſiqus, the inner one of 
mich divides the Quagrant info_og Parts oF, qe ud 
to every 20 Minutes; and the outer one sit intq 96 
Parts, and each of thoſe Fe into 4 y *ogky ; Sets of 


| Jopith, and each has its particular Vernier, that of the 

Mer. one es he Subliviſien to gxery Minute, auc 

that of the outer one ſubdivides each of t FA * es F Bo 

Parts. Hence a Table may be eafily the 

WE Diſtance given by the exterlor — > Degi 8 

inutes, and * 75 pds. 7 Microme of ns : 

12 and gives Minutes 8 = 
ſtracted as. The le k Dee f en by the Dirt = 
82 r of « = ber I fy 


le Telelcops 10 > is {ſes jn king 
RR, turns round af the Ce L 8915 the | 
and carries te Mentor 4 | both Vergi 
Wich it. The r rin po 


Which __ 4 Screws, ane 1 1 in a 
_ _ at Top 7 2 hollgn 
Oume is exaily fitted 1 fa is, and türe o WA - 
2 Tg pe * en abous ing J 125 

it into T U lane of | 
the Quadrant is 1 pe opts, To which is prone to the 
Arm; its Ule is 15 4. 20 the Axis of the Pillar perpendi- 
cular to the Horizon; this may alſo be Os * the Klan 1 
. of tho Level.” Po _ : 


| Piviſions ane numbgred fp as to ſhew Diſtances from tho 


At a (att Diſtanct from the Centre * * 38 0 


the left, fn 4 Eine perpendicular to the Radius paſting tre- 
the loweft Foint or 85 a fine Point is marked upon the 
central Plate with 4 art Pointing to it; at an equal Dif- 
tance Below from the Point (0) k 

another Point is marked upon the Limb 


he Quadrant, 


with à Dart likewiſe pointing to it. Over the two Points | 


_ fine Silver Wire is to be hang from a Notch, and 1 
by Weight immerſed in Water to check its Vibrations. 
he Plate containing the Notch is bent ar right A 
) ; and on t 5 Part is applied to the Side of the 
Quadrant by by 4 ſtead y P in, and by two Screws aboye it 
Hain; Proud Holes under their Head The lower Screw 
rs fcrewed up, but the upper, Screw only ſo much 48 tc 
force the 77 Part of the Plate juſt mentioned, which 
ings, to a due Diſtance Fo the Side of the Quadrant; 


2 87 


kewiſe t LE the pb" ſuch . 
k 


fr order to bring the Notch into the 172 F that 


the Plumb. line may hang over and biſect both the Points. 


By the Preffure of the Hand the Notch may be moved 4 : 


little backwards or forwards, (the lower Screw being eaſed 
if neceffary) tilt thePlumb-line appears to hang at a 


not to touch, but to approach very near to, as within one . 
or two'of its own e or fo 75 the Shadow. of the 

Plumb- line may be viſible on the Limb oppoſite a Side 

Window, or the Light of a Candle held in a very oblique _ 

Poſition, to the Plane of the Quadrant. 8 

Magnifying Glaffes are provided, included i in Tubes, for 


line, and alſo others for alli ing the Eye in judging more 
exactly of the Coincidence that is to be made between a . 
Divifion on the Limb and a Stroke on the Vernier. The 
Weight of the Plummet ſhould be increaſed by "SY 
Shot into it, till it is as great as the Plumb-line will 
ear without breaking. 
Thhere is a Screw fixed to the * i fon the Sar 
ol Diſtinction, 1 ſhall call G imply the Adjuſting Screw, 
which works in Screw Hole CIO upon the Qua- 


drant, 


ance from the Limb of the Quadrant, which it = 


| diſcerning the mn. of the Points by the Plumb- 


i 


\ 


. 1 12 3 : 
Ry 1 ſl is of Uſe to turn the Quadrant in the Disco 
_ of its own Plane, and conſequently to bring the Radius 


paſſing thro? the Beginning of the Diviſions to be parallel}. 
8 the Axis of the Pillar and perpendicular to the Horizon, 

us to an Obſeryation, as will be explained Heaney) 5 
in its proper Place. 


I ſhall now proceed to deſcribe the Manger . preparing 5 


the Quadrant for making an Obſervation correctly; that is | 


to ſay, of adjuſting its Parts to. one another, and of fixin 
the Whole in a proper Poſition. But as there are 5 f 
of theſe Adjuſtments, ſome of which muſt be repeated everx 
Time the Quadrant is uſed, and others require only to be 
made once for all, I ſhall treat of them ſeparately, and ſhall 

_ firſt explain the uſual Proceſs of adjuſting-the Inſtrument - 
for Obſervation, together with the Method of making, the 
Obſervations themſelves, and ſhall afterwards, deſcribe. 
thoſe particular Adjuſtments ſeparately, which, when « en 


x 


made, give the Obſerver no further Trouble. 1 
Place the braſs Pedeſtal (carrying the Quadrant). upon 4 ©; 
Wall or Pillar, or upon a firm wooden Support Which 
itſelf ſtands upon the Heads of ſmall Piles or large Piquets 
driven into the Ground, or at leaſt on a Stone or Brick 


: Foundation, and not upon any wooden Floor. Place the 


Plane of the Quadrant parallel to the Line joining two 


oppoſite Screws of the Pedeſtal, and eaſe one of theſe g 


Screws, and ſerey up the other as much, till the Bubble of 
 _ the Level reſts equally between the two. Scratches made 
upon the Glaſs Tube with the Point of a Diamond. Then 
turn the Quadrant half round upon its Axis of Motion, 
till the Plane of it is agai np to the ſame Line of the 
Screws, and if the Bubble ſtill agrees with the Marks upon 
the Glaſs, it is well; but, if hes eaſe one of the two 
forementioned Screws of the Pedeſtal, and ſcrew up the 


3 other as much, till the Bubble has moved over half the 5 


Space by which it differs from the Marks, and note toward 
| which End of the | Tubs: it inclines. Now turn the 3 15 


1 EL ee 


up the middle Screw of thoſe three Adjuſting Screws of the 


Level which are at that End of the Tube to which the 
__ Bubble inclines, till the Bubble reſts equally between the - 


Marks; and the Axis of the Pillar is now ſet nearly 


pendicular to the Horizon, and the Level (that is to ſay ie 
Line which is a Tangent to the middle of the Bubble) in 
nearly perpendicular to the Axis, and conſequently nearly 


parallel to the Horizon. This may be called the Rough 


8 "Adjuſtment. Then turn the Quadrant half round, fo that 
the Plane of it may be parallel to the ſame Screws of the 


: Pedeſtal as before; and if the Bubble till reſts equally 


between the Marks, the Quadrant is adjuſted right in this 115 
Poſition; but if the Bubble does not agree with the Marks, 
eaſe one of the ſame Pair of Screws, and ſcrew up the 


other, ſo that the Bubble may move over half the Space 


by which it differs from the Marks, and alter the Screws 

of the Level in the Manner juſt now deſcribed, till the 

Bubble reſts equally between the Marks. Turn the < 
Arant half round back again; and if the Bubble 


agrees 
with the Marks, the Quadrant i is rightly adjuſted in this 


Poſition; if otherwiſe, alter the Screws of the Pedeſtal 


and Level as before, and repeat the Operation, if neceſſary, 
till the Bubble agrees with the Marks in both Poſitions of | 


_ the Quadrant produced by turning it half round. 


Now turn the Quadrant 900 about in Azimuth, or into 
 itsfirſt Poſition, the Plane of the Quadrant being parallel to 
the Line of the two oppoſite Screws, and note whether _ 
the Bubble reſts equally between the Marks; and if 
It does not, eaſe one of the correſponding Screws of the 
| - Pedeftal, and ſcrew up the other till it does; and the Axis 
of the Pillar is ſet truly perpendicular to the Horizon : : For 


more Certainty, you may turn the Quadrant half round, 
and ſee whether _ Bubble ſtill agrees with the Marks, 


Which" it 9 to o equally | in _ two 18 Poſi- | 


tions 


i 


Bubble Pry not reſt wa wg tad Marker wr Tg 
Marks, as it did before, caſe one of the Screws juſt men- % 
"2, tioned, and ſcrew up the oppolite one till it does 
Then eaſe the two outer or puſhing Screws, and ſcrew 


1 2 
8 


© Yions of the Quadrant, as it did before when the Plane . 
| the Quadrant was placed parallel to the Line of the other 


JT I 1007 FI 
laving thus adjuſted the Axis of the Pedeſtal perpendi- 
+ cular.to the Horizon, the Quadrant is now ready to be ad + | 
7 2 ———— 
Aud in the firſt Place let the Plumb- line be hung on over 
ite Notch, and ſtretched by the Plummet, immerſed in 
Water, to prevent the Ofcillations which it would other- _ 
| Vuiͤiſe acquire from the leaſt 8 Air, and carefully ob- 
3 ſerde whether ſo hanging it biſects both the Points; Wwhick 
| if it does not, it is to be brought to do, partly by altering 
| the Adiyfting Screw, and partly by the Screw Which ad- 
_ Juſts. the Spring that carries : Notch, from which the 
Prartinjet hangs,. as before deſcribed. This may be done 5 
moſt conveniently by firſt Altering the Adjuſting Screw, if 
necellaty, till the Plumb-line is parallel to the Line joining 
the Points, and then altering the Screw which governs _ 
the Notch till the Plumb-line Bilek boch Points, V 
Next turn the Plane of the Quadrant about into the Ver- 0 
fical Circle, which the ceeleſtial Body will occupy in a few 
Minutes of Time forward, and ſet the Teleſcope at or near 
- the Zenith Diſtance which you expect it will have in the 
3 Obſervation which you are about to make, and obſerve 
| whether the Plumb⸗ line ſtill bifects the lower Point; 


Ei does dot, make it ſo to do, by turning the A u 


”  _  'Sxar, or be itſelf bilefted-by the Sun's upper or lower 


8 l 


_ appatent Meridian Zepith Diſk 


5 ” 8 1 =» 95, 


| Link; ; and as the Object FF op its Tonk Diſtance * — 
- proachin the Meridian, keep ryrning the. Micrometet . = 


| Screw, fo that the wes ſhall always apply itſelf in the ſame 
lauter to. the Obſect; and 2 Object ceaſes t9 


change its 5 STM e Quadrant points out > : 


dance. It will be ſtill more 
 _ - acenrate, if the Obſeryer brings the upper or lower Side. 
| of the Wie to be a Tanger 16 e Linh, and. 

makes an Allowance far half Breadeh of the Wire, 


which may be found by Obſervations taken from both e 


upper and lower Limbs of the Sug in this or apy other 
Meridian Tranſit, uſing the Sun's Weins | 
in the Nautical Almapae. 
The Method hitherto deſcribed is proper far obſerring 
Meridian Zenith Diſtances before the going of the Clock 55 5 


known; but after that is und N the Quadrant 
th, by means of the Screw = 
which is faſtened b + 8 p to the Azimuth Circle, and 
Alter the Zenith Pie the Teleſcope by means of the 
Miicrometer Screw, 10 n ee to the Object in the 
ſame Manper applied to the Wire as: fore directed, till 5 + 


about with reſpect to Azimu 


Clock ſhews the. Time at which the Object ſhould paſs the 


Meridian, and the Quadrant Will then Point out ie appar : 


rent Meridian Zenith Diſtance. 


A third, and the malt antient and beſt but nat always 5 | 


8 the moſt ready and eonyenient Method of taking Meridian 


| Alda by brit ning the Plane of the Quadrant inte the | 
y means of an exact Meridian Line; for it is evi- 
Viet that the Zenith Diſtange meaſured, when the Star or 35 


eridian 


Sun's Centre paſſes the yertigal Wire, Will be the aparane * - 
| Meridian Zenith Diſtance. 

An experienced Obſerver may take the Meridian Zenith | 
Diſtance of ane Limb of the Sue, aud read it off, and then 
obſerve that of the other Limb Within che Space of two 
Lane the {eco and Qbſcryation he may read! off at his 

ure. 

The Mean of theſe two Obſervations will give the Me- 
_ ridian * Diſtance of the Sun's * more e corredtly = 


than 


ter as given 


* 


# 


. | 5 1 26 7 it , ; 

Gas? it could be deduced from as Zenith Diſlance of One 
Limb only with the Sun's Semidiameter applied to i Gs 

The general Rule for reading off the 
© Diſtance i is this; ſet the Index of the Mer, to (0), 
and turnthe Screw that Way, which will cauſe the Figures 
of the divided Circle to paſs by the Index in their 3 
Order, till the firſt Coincidence happens between à Stroke 
on the Vernier and one of the Diviſions. . From the Zenith 
Diltance at which the Teleſcope now ſtands (ſhewn by the 


obſerved Zenit N 


Divißions and Vernier) ſubtract the Seconds ſhewn by the 


Micrometer, and you will have the Zenith Diſtance required. | 
It may not be improper here to remark, that the Sefew of 
the Micrometer ought, by Rights, to be turned the ſame | 


Way in reading off, which was done in the Obſervation ; _ 


elſe, if there be any Shake or Play in the Screw u 7 0 turn- 


ing it different Ways (as is generally the Caſe) an Error will 15 


be incurred. It may perhaps be conducive to greater Cer- 5 
tainty to repeat the Reading two or three Times, by turning 
the Screw of the Micrometer a little back each Time, and 
then ſcrewing it forwards again, to produce a freſh. Coinci- 
"dence of the Vernier with the Diviſions, as the Mean of 
the Numbers of the Micrometer fo found will, in all Pro- 
bability, be more exact than a ſingle Reading. In the 
wy Time it will. be uſeful for the better reading off the 
_ Obſervations to throw 5 by Reflection from White Pa- 
er upon the Diviſions and Vernier, but in the Night they | 
wal be illuminated by a Candle or Lamp. 5 
The Obſervation of Zenith Diſtances of the heavenly 
Bodies at a Diſtance from the Meridian is performed much 
| in the ſame Manner as of thoſe on the Meridian, except 


that the Teleſcope is generally ſet to ſome even Diviſion, | 


and the Times by the Clock of the Tranſits of the Star or 


bdoth Limbs of the Sun acroſs the horizontal Wire paſſing 


through the Centre of the Teleſcope are obſerved ; and = 
alſo, if it is intended to find the Time by equal Altitudes 1 
on each Side of the — e * other Wires as 

5 | | | may 


„ 
* Fs 


24 5 
king 4 placed in the Teleſcope parallel thereto for this : 
—} Purpoſe. | 
e Mean of the Times by the Clock of the Tranſit - i 
2 Star, when obſerved at the ſame Wire, and with the Te- 
leſcope fixed to the ſame Altitude on both Sides of the _ 
Meridian, gives the Time by the Clock of the Star paſſing 
the Meridian; whence either the Apparent or Mean Time 


is eaſily computed, and conſequently the Etror of the Clock 


found: But the Mean of the Times of the Tranſits of the 
ſame Limb of the Sun acroſs the ſame Wire on different 


Sides of the Meridian muſt be firſt corrected by the Equa- | 


tion, commonly called by the Title of that of correſ ponding - 
Altitudes (a Fable of which is to be found at the End of. 
theſe Remarks) in order to have the Time by the Clock of 


the O's Centre paſſing the Meridian, which is the Apparent 


Noon; whence the Error of the Clock is alſo determined. 
The Method of deducing the Time from correſponding Al- 
titudes is ſo much the more exact, as the Accuracy of it is not 
affected by any Uncertainties about Refraction or the Lati- 
tude of the Place, or even the Declination of the heavenly Bo- 


2 dies; moreover it is rendered ſtill more exact, if the Times of 


oY 


the Star or Sun's Limbs, paſſing the Wires of. the Teleſcope 
fixed ſucceſſively. at ſeveral Altitudes, be obſerved ; the 


Number of Reſults for the Time of the Paſſage acroſs the! - / 


Meridian being hereby multiplied, it may be preſumed, 
that the Mean of all the Reſults will come much nearer. 
the Truth than a ſingle One, 7 
The Obſervations made on the Weſt Side 7 the Meri- 
. dian follow one another in an inverted Order, with reſpect 
to their correſponding ones taken on the Eaſt Side, Thus 
the Time of the Tranſit of the Sun's upper Limb acroſs 
the lower Wire is the firſt Obſervation in the Morning, 
but is the laſt in the Afternoon; and the Tranſit of the 
Sun's lower Limb acroſs the upper Wire is the laſt Obſer- 
vation in the Morning, but the firſt in the Afternoon; 
Therefore it will be moſt convenient in Practice to ſet down + 
the Obſervations made on the Welt Side of the Meridian 
in an n inverted Order to that in which they are made "ok 
0 5 | 8 5 tho - 


5 cho 3 on — Eaſt Side © the RP es 7 then „ 
Will immediately correſpond to thoſe which: ſtand over 
them, and the Mean of each Pair of correſponding Ones 
Will be readier Teen. The Obſerver will not forget that: * 
Teleſcope inverts Objects, fo that the Limb which appears 
the upper Limb is really the lower Limb, and is to be 
called fo, and the Limb which appears the lower One is 
.” Feally the upper One, and is to be called ſo. Though the 
i Method of finding the Time from equal Altitudes of the O, 
or is obſerved on both Sides of the Meridian, be much 
more accurate and ſatis factory than that of inferring it by 
Computation from ſingle Altitudes, yet, if by any Accident 
the correſponding Obſervations cannot be taken, the Time 
may be deduced nearly, in Caſe of Neceſſity, from W 
latter Method, "uu Latitude of the Place being fup fed 
"2 known. = | 
The Piller aha: Weſtern Aunt: of any cel 
N Body being equal When it Has equal Altitudes on contrary 
Sides of the Meridian, it will be eafy to find by the Azi- 
muth Circle belonging to the Quadrant; about what Azi- 
muth to place the Quadrant on the Welt Side of the Meri- 
_ tian, in order to mate the correſponding Obſervations to 
thoſe taken before on the Eaſt Side; provided the Point (6) 
on the Azimuth Circle is ſet to agree truly or very nearly 
with the Meridian, or it leaſt the Error of its Poſition wah 


= reſpect to the Meridian is known. - 


The Azimuth Cirele may alſo be of: Vie for liking 
the Quadrant in the Meridian for taking Meridian Alt 
tudes, though this will be beiter done by the Means of 
2 Meridian "Mark. Such a Mark may be readily placed, 
as well as the Poſition of the Azimuth Circle deter- 
mined, as follows: Having found from repeated equal 
Altitudes of the Sun or fixed Stars how much the 
Clock differs from mean T ime, and alſo the Rate of its 
gaining or loſing in a Day, make a Computation at what 
Hour, Minute, and Second, by the Clock, the Sun or Star 
| mould paſs the Meridian on any Day, and having directed 
the | pes ot: the 9 to the 5 a litile before 
the 


1 8 


19 


the — Time. of | its paſſing the Meridiad, ſo that hs : 
vertical Wire of the Teleſcope may paſs over the Star or 
O's Centre, turn the Quadrant gradually about upon its 


Axis, by Means of the proper Screw, which in the Time of 
| Obſervation is to be faſtcned by a-Clamp to the Azimuth 


with the Sun or Star's diurnal Motion, and always to paſs 
over its Centre, till the Clock points out the computed 


5 Time at which the Object ſhould paſs - the Meridian z at 25 
that Inſtant the Plane of the Quadrant is placed truly in 
the Meridian; then bring the lower End of the Teleſcope 


up towards the horizontal Line, and fix up ſome Mark at a 
Diſtance which may he covered or biſected by the vertical 


Direction in the Meridian; ſo that whenever you want to 


5 Se the Plane of the Quadrant in the Meridian for obſerv- 


ing Meridian Altitudes, you have nothing to do but to ad- 


2, ſo as to cauſe the vertical Wire to keep equal Pace 


Wire of the Teleſcope, and it will be placed truly in the 


juſt the Quadrant in the uſual Manner, and turu it about 


till the vertical Wire in the Teleſcope biſects the Mark, 


and the Quadrant will be truly adjuſted to the Meridian. 


Inſtead of following the ©'s Centre, it will be more con - 
: venient and exact to follow his Eaſtern or Weſtern Limb 


with the vertical Wire of the Teleſcope till the computed 


a Time happens by the Clock of the Limb paſſing the Meri» 
dian; the Weſtern Limb paſſes ſooner, and the Eaſtern 
Limb paſſes the Meridian later than the ©'s Centre, by the 


Time that the ©'s Semidiameter takes to paſs the Meri- 


4 


dian, which maybe found in the Nautical Almanac; there- 


fore this Quantity being ſubtracted from the computed 
Time by the Clock of the Sun's: Centre paſſing the Meri- 
dian, gives the Time of the Weſtern Limb paſſing the Me- 


ridian, or added to the Time of O's Centre paſſing the 
Meridian, gives the Time of the Eaftern Limb paſſing the 5 


Meridian. 
The Qua uadrant bees once ſet truly! in the Merida th it 
will be eaſy 
to the Meridian, or to note the Error of its Poſition. 


Hat ir 0 N 8 = Eras. OY oy map "ths he Qua- 


dran! 


to adjuſt the Point (o) of the Azimuth Circle 


* 4 cannot be . e to 41 Meridian, for Fat „ 
Obſervations, either by the Meridian Mark or Azimuth 
Circle, unleſs the Pedeſtal of the Inftrument has a fixed 

| Poſition in the Obſervatory, which may be beſt effected by 
having the Pillar or Stand on which you place the Braſs 
Pedeſfal immoveable, and ſinking little Holes' on the hori: 
Zontal Top of it to receive the 4 Screws of the Pedeſtal, 
whereby it will be eaſy to replace the u in the ſame To 
| Manner again after any Removal. 
If the Mark be only 1000 Feet diſtant, A Pedeſtal 
: ſhould be adjuſted always to rhe ſame Poſition again with 
reſpect to the Meridian within i of an Inch, and nearer 
if the Mark be leſs diſtant. A Poſt fixed firmly in the 
= Ground, and ſet truly perpendicular by means of a Plumb- 
Wy line or Carpenter's Level, will be very proper for a Meridian- 
Mark, and if ſeen againſt the Ground ſhould be painted 
white, but if ſeen againſt the Sky ſhould be painted black, 
Hitherto I have ſuppoſed the Quadrant to be correct 
with reſpect to thoſe Adjuſtments, which-when' once made, 
either by the Inſtrument Maker or Obſerver, are uſually in- 
variable, except the Inſtrument meets with any violent 
_ Concuſſion in Carriage or otherwiſe.” As it is the Buſineſs 
of the Obſerver to verify theſe Particulars himſelf before he 
begins to make any Obſervations, I ſhall now offer to him 
a few Directions, as I propoſed, for that Purpoſe. © 
In the Firſt Place the Object-Glaſs and Eye-Glaſs of the _ 
133 muſt be ſet to a due Diſtance from one another, 
and from the croſs Wires, that both the cceleſtial Objects 
and the Wires may be ſeen diſtin& by the Eye of the Ob- 
ſerver, and at the ſame Time there may appear no Parallax 
or Motion of the Object, with relation to the Wires, when 
the Eye is moved ſide - ways out of the Axis of the Tube. 
For this Purpoſe take off the Cover of the Tube near the 
9 Eye, and direct the Teleſcope to ſoine fixed Star or Pla- 
| net, and draw the Eye-Glaſs a little further out, and puſh 
it gently a little further into the Tube, alternately, till by 
| eren Trials you have placed it in that Poſition in which 
N ſhews the VE” TR with the moſt Diſtinctneſs; 


nd 
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and note whether at the ſame Time you ſee the croſ Wires 


3 near the Place of their Interſection with more Diſtinctneſs 


than in any other Poſition of the Eye-Glaſs, and alſo 

whether the Object appears immoveable, with reſpect to the 
Wires, upon moving your Eye ſideways ; if both theſe Cir». 

cumſtances concur (as they will do at the ſame Time, pro- 

_ vided the Teleſcope with its Wires had been properly ad. 
juſted before to Piſtinctneſs for any Eye) your Teleſcope... 

is now rightly adjuſted for Diſtinctneſs to your Eye. 


But if the Wires do not appear perieclij diſtin to your = 


Eye, or the Object appears io move, with reſpect to the 
Wires, When the Eye is moved ſide-ways, it follows, that 


the Diſtance, either of the Obje&-Glaſs or croſs Wires in 


the Tube, or both, muſt be altered; it will be more eaſy 
and convenient to move the Wires, provided they are ſo 
placed as to admit of it: In this Caſe, carry them further 
from the Eye, and bring them nearer to it, alternately, 
till you have placed them at that Diſtance at which you ſee . 
them with the moſt Diſtinctneſs, and at the ſame Time 
there remains no Parallax of the celeſtial Object upon the. 

Wires when the Eye is moved ſideways... 

But if the Wires are incapable of being removed, place 
the Eye-Glaſs at that Diſtance with which it will ſhew. 


them moſt diſtin, ' and then alter the Diſtance of the Ob- { : 4 


ject- Glaſs in the Tube, one Way or the other, till you can 
| ſee the celeſtial Object the moſt diſtinct, and at the ſame. 
Time there ſhall be no Parallax of the Object upon the 
Wires; and the Teleſcope is fitted to Diſtinctgeſs for _ 
pour Eye; and, it is evident, will require no Adjuſtment of 
this Kind another Time, except in Proceſs of Lime the 
Form of the Eye ſhould ſuffer any Alteration : In this -Caſe, 
or if any other Perſon more ſhort - ſighted or long-ſighted in 
any conſiderable Degree, ſhould have Occaſion to uſe the 
Quadrant, all that is neceſſary to be done is to alter the - 
Place of the Eye-Glaſs in its Tube till the celeſtial Objects 

appear more diſtinct, _ | 5 . 


In the next Place, the Wire which, in taking Altitudes, 


5 is brought to the Star or Sun's Limb, ſhould lie truly ho- 
// -_ EE oe 
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eh when the 1 of the ie Quadran has been adjuſt 1 
DM 


Direct the Teleſcope to any malt walk defined Object or 


FA Mark upon Land, or if none fuch' can be found, fix One gn” 


up at a convenient'Diftance, and having biſected it care- 


fully by the Wire that ought to be horizontal, turn the 5 
Whole Quadrant a little about in Azimuth, and if, 65 15 
this Motion, the Mark is continually biſected by the d 


ferent Parts of the Wire, as they are ſucceſſiveſy applied 


to it, the Wire is truly horizontal 3 but if the Wire ceaſes 

to biſect, or leaves the Mark, preſs the Two Screws, One 
_ of which is on the upper and the other on the under Side 

of the Teleſcope, near the Eye, and which enter into the 


Plate in which the croſs Wires are fixed, between your 


Finger and Thumb, and turn them ſideways, but in con- 
trary Directions, till the horizontal Wire, upon Re- exami - 
nation, on moving the Quadrant, always agrees with the 
Mark. A {mall white Circle placed upon a black Ground, 
or a black Circle placed upon a white Ground, will be a 


r Mark for this Purpoſe. One of the Firſt Sort 
25 be formed by a Hole cut in a Board painted 
black, and ſeen againſt the Sky. Otherwiſe the Wire 
may be adjuſted by a Star, in or near the — 


paſling the Meridian, which ought to continue bife&ted 
by it all the while it is paſſing the Field of the Teleſcope. 
Or, without waiting for the Star's running over the whole 


Length of the Wire, turn the Quadrant a little about, at 
or very near the Time of the Star's paſſing the Meridian; 


155 and note whether the Wire continues in the Parts near the | 
Centre of the Teleſcope to biſect the Star. | 


The laſt Adjuſtment, which it is incumbent on the Ob- 


1 Ke ro. verify, is that of ſetting the Line of Collimation 
or Line of Sight, which joins the Centre of Refractions in 


the Object -Glaſs, and the Inter ſection of the Wires of the { 


Teleſcope, parallel to the Radius paſſing through hy Firſt 
Stroke of the Vernier. 


I ſhall mention Two Methods of doing this by means wy 


5 terreſtrial Odjects, 138 One by: Obſervations of he Stars. 


N 
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- the Plumb-line of the Quadrant at the fame 
made to biſect both the Points marked with Darts. 
Then invert the C W and hanging { on the Plumb- 
: bis 755 from * pparatus contrived to be fitted oeca- 

Kon 


n of 


Fir TY Ser t whe Taekbpe to the hou Radius 


l F the Quadrant, fo that the Firſt Stroke of the inner 


Vernier may agree with the Diviſion or Zenith Diſtance 


marked go? on the inner Arch of the Quadrant, and that 
. the Fiſt Stroke of the other Vernier may agree Sith the | 


JV 1 ATE > S. 


"Diviſion 2 96 on the outer Arch. 


Make Two Marks on a Board (as Two fmall "white 


\ Circles: the Board being painted black, 'or Two black 
Circles the Board being painted white) at a Diſtance ex- 
actly equal to the Difference of the Altitudes of the Tele- | 
_ Teope, arifing from inverting the Quadrant. 


Place the Board at a Diſtance, and ſet the Lind joining 


7 the. Two Marks truly perpendicular to the Horizon by 
means of a Plumb-line, and at ſuch a Height that the In- 
5 terſection of the croſs Wires of the Teleſcope may appear 


x&tly . coincident with the Centre of the u 5 1 5 Circle, 
ime being 


V upon the Arch, cauſe it to paſs over and biſe&t 
Points, by turning the Adjuſting Screw, and if the 


3 Interſection of the eros Wires e the Centre of the - 
lower Mark, the Line of Collimation' of the Quadrant is 
. correct. But, if otherwiſe, ſet the Index of the Micro- 


ter to (o), and turn its Serew one Way or the other, 


| Mt the Interſedtion of the Wires covers the Centre of the 


lower Mark, and the Angle moved over by the Teleſcope, 


which is indicated by ihe Number of Seconds run over By 
the Index of the Micromiter, is equal to double the Error 
of the Line of Collimation. If the Error be but ſmäll, ir 

may be as convenient to allow for it in the Obſetvatiths ; 

5 but if it be large, correct it as follows: Turn the Micro- | 

meter Screw back, fo as to point out Half the double 


* 


Error which it ſhewed, and eaſe one of the ſmall Screws, 


and ſere w up the appoſit te One of thoſe Two upon the Te- 
=_— which govern the croſs Wires, till the Interſecti 


of, the Wike covers the Centre we the lower Mark; ank : 


" 


oF 


- ht "Ty 1 Collimation mould 1 now * correct. 

- us Certainty repeat the Operation thus; ſet. the ” 4 
ſcope again to the goth Degree, as before, and 3 ; 

anew. Whether the Plumb-line continues to biſe& the 

Points, and if it does not, make it to do ſo by turning the 


ie Screw; and alter the Height of the Board with 5 
the Marks, till the Centre of the lower Mark 1 is covered 


- by the Interſection of the croſs Wires ; then turn back. 
the Quadrant into its firſt Poſition, and caufing the Plumb- 
line again. to. biſe& the Points, by turning the Adjuſting 
Screw, if neceſſary," examine whether the Interſection of 


; the crols Wires covers the Centre of the upper Mark. If 


it does, the Line of Collimation i is correct; but if it e | 


not, it may be cotrected, or the Quantity. of the Errot | 


found, in the Manner deſcribed above. 

This Examination muſt be repeated in the ſame Mans 
ner, by inverting and replacing the Quadrant, till the Line 
of Collimation appears correct, or till the exact Quan- 


; tity. of the Error is found. If it ſhould be thought more 


expedient to allow for the Error of the Line o Collima- 
tion, take the following Rule for the Manner of applying 
it: If, after the Inverſion of the Quadrant, the lower 
Mark appears through the Teleſco cope lowet than the In- 
terſection of the croſs Wires, of if, after replacing the 
Quadrant in its firſt Poſition, the mow Mark appears 
higher than the Interſection of the Wires, the Error of 
"the Line of Collimation is of that kind as to give the Ze- 
nith Diſtances greater than the Truth, and conſequently 
the Error muſt be ſubtracted from the obſerved Zenith | 
_ Diſtances ; 3. but if, in the Firſt Caſe, the lower Mark 
appears through the Teleſcope higher, or in the Second 
Caſe lower than the Interſection of the Wires, the Error 


of; the Line of Collimation gives the Zenith Diſtances 


too little, and conſequently the Error muit be added to. 
the obſerved Zenith Diſtances. 
Other wiſe the Error of the Line of Callimation may * 5 


more readily found as follows, without taking the Trouble 
1 1 e the Marks at 3 a OW" as to agree with the - 


Inter- | - 


Mn benen of the croſs Wes, vhile the Teleſcope is al- 
Ways ſet to the Zenith Diſtance of go Degrees. Meaſure 
the Zenith Diſtance of the upper Mark by the Diviſions, 
Vernier, and Mierometer; then, inverting the Quadrant, take 


the Zenith Diſtance. of- the lower mark; add the Two. 


Zenith Diſtances together, and Half the Difference of the 
Sum and 180 Degrees is the Error of the Line of Collima- 
tion, which is to be ſubſtracted from or added to all Ob- 


ſervations, according as the Sum of the Two Zenith Diſ- 


ances was here found greater or leſs than 180 Degrees. It 
may be added, that Half the Difference of the Two Zenith 
_  Dillances found in the Two Poſitions of the Dann is 
| the apparent Altitude of the upper Mark, | 
The other Method of examining the Line of Collims- 

tion by terreſtrial Objects is this: Set the Teleſcope to 
the goth Degree and 96 Diviſion, and having cauſed the 
Plumb- line to biſe& the Points, ſet up ſome Mark at a Niſ- 
tance, fo that the Interſection of the croſs Wires may biſect 
it; then remove the Quadrant and Mark into each others 


Place, fo that the Centre of the Teleſcope and the Centre 


of the Mark may be mutually and preciſely interchanged ; 
and the Plumb-line being re-adjuſted to the Points, note 
Whether the Inter ſection of the Wires covers the Centre of © 
the Mark; if it does not, ſet the Index of the Microme- 
ter to (o), and turn the Screw till it does; you will thus 
have read off the apparent Zenith Diſtance of the Mark; 
from which ſubtract the Number of Seconds of an Arch of 
a great Circle of the Earth anſwering to the Diſtance of the 
Quadrant from the Mark (at the Rate of 102 Feet for each 
Second) the Difference of the Remainder, and go? is double 
the Error of the Line of Collimation ; hence the Line of 
Collimation may be rendered correct (if required) by a 
Manner much like that deſcribed i in the Uſe of the former 8 
Method. | 
The Error of the Line of Collimation will 5 of 1 
Kind as to ſhew the Zenith Diſtances too great or too little, 
according as the Zenith Diſtance of the Mark obſerved from 
the OT Station leſſened by the Diſtance turned into 
c D Seconds 


than 


: T is by ta king Zenith Diſtances . 
of the Inſtrument turned Eaſt and Weſt alternately; for _ 
: which Purpoſe, the Arch is continued and divided for a few p, 


Wy 1 


90. > Fs” 5 
The third | Mcthod of ee ing the Line of Collimarion | 
fixed Stars with the Face 


rees beyond a Quadrant; and in one Poſition of the 


| Quadrant the Tenith Diſtance of ſome Star is obſerved _ 
Vith the Teleſcope contained within the Quadrantal Arch, 
and in the other Poſition of the Quadrant the Zenith = 
Diſtance of the ſame Star is taken with the Teleſeppe fall · 
ing upon the Arch of Exceſs; if both the Zenith Diſtances 

agree together, the Line of Collimation f is correct; but if 


they differ, Half the Difference is the Error of the Line of = 
Collimation, Which added to the leaſt Zenith Diſtance of 
the two, or ſubtracted from the greateſt, gives the correct 


Zenith Diſtance. 


And, according as the Zenith Diſtance, who the Te 


ö leſcope falls within the Quadrantal Arch, is greater or leſs 
than Nhe other, the Error of the Line of Collimation is to 


be ſubtracted from or added to all Zenith Diſtances taken 


in this Poſition of the Quadrant, and applied in a contrary 
Manner to Obſervations made with the Teleſcope falling 
without the Quadrant, It is hardly neceffary to remark, 
that theſe Obſervations made with the Quadrant turned 
contrary Ways, muſt fall within the Compaſs of a few Days, 


elſe there will be an Allowance to be made on account 
the Variation of the Star's Declination. _ 5 
It may not be an improper Caution to give the bu e 


that the Object-Glaſs of the Teleſcope muſt not be taken 


out or removed in the Tube, on any Account, after the 
Line of Collimation has been corrected, or the Error of it 


determined, becauſe ſuch Removal would diſturb the ſame. _ 
Therefore the Object · Glaſs muſt be cleaned, when neceſ- 
ſary, without Violence, on the Outſide only; the inner Sur - 
face, which is ſecured from the Air, being not commonly 


>= to _ncquiry. mock Soil, Op" in a * Space of 


4 
— 


5% There 8 


5 h of a great Circle is greater 4 7 


= There. are ſons! „ "Fn OP lean to EO 8 
O Obſervations of Stars near the Zenith which 1 hall take - 
che Opportunity of mentioning in this Place: 
I. To eaſe the Obſer ver from the Trouble of looking nd - 
| * high, there are metallic Speculums provided, to be 
placed occaſionally in the Tube of the Teleſcope between 
the Eye-glaſs and the Rye, making an Angle of 45% with 
the Axis of the Tube, which will conſequently reflect the 
Field of the Teleſcope, and the cœleſtial Objects, together 
With the ok, cirectly to the Eye of the — 5 
ing horixo al 10 page the n and oa Side of the . 


"lhe. "A the Teleſcope 421. N FE fer. to its Altieade: Ok 


. hefoes the Plambline is adjuſted, left the Alteration of its 
Preſſure upon the Feet of the Pedeſtal, ariſing from mov-* 
ing it, ſhould diſturb the Plumb line; and as the Tele. 
ſcope, when placed near the Zenith, will interfere with 
the Plumb-line, if ſuſpended in its uſual Poſition; there- 
fore an Apparatus is provided to be faſtened upott the ho? 
_ rizontal Side of the Quadrant, containing a Notch, from 
which the Plumb-line is to be hung in ſuch Caſes, and it is OR 
to be carried to the Right or Left, partly by means of a 


Screw which governs the Notch, and'partly-by the . : E 
Jufting Screw, till it is brought to hang directly over and , 
biſect two Points marked with Darts, one of which is se 


the Side of the Quadrant immediately under the Notch, and 
the other on the Limb of the Quadrant, and are ſet off 
exactly equidiſtant from the Centre and the Extremity of 
the Radius paſſing through (o) as the other two Points 
marked with Darts were, but on the contrary Side. 
III. In reading off the Zenith Diſtance, when 6b 1806 e 
on the Arch of Exceſs, inſtead of the Number of the Ver- _ 
nier, which is made to coincide with a Diviſion, read its 
Complement to 32, and inſtead of ſubtracting the Seconds 


_ ſhewn by the Micrometer, add them to the Zenith | DIRE: 


thus given by the Diviſions and Vernier. 
There are Two remaining Adjuſtments of the Quadrant 
which I ſhall only — without ID _—y great Streſs 
: D 2 upon 


3 


rendered correct by the Inſtrument Maker in the 9 5 


| | | 2 * It - 85 | 5 ; 8 
pon b ad the Effect of a ſmall Error in 08 mis 
leſs Conſequence, and that they are moreover generally 


ſtruction. The firſt is the ſetting the Line of Collima- 
tion parallel to the Plane of the Quadrant; the other is the 
placing the Plane of the Quadrant parallel to the Axis of 
the Pillar. The Obſerver may, if he pleaſes,” adjuſt theſe 
Particulars alſo, provided there is any Liberty left for it in 
the ru ion of the Inſtrument. . 
I have now finiſhed the — of the Uſe of the 
Aead. Quadrant of Mr. Birds Conſtruction.—In- 
ſtruments made by other Artiſts may differ from his in 
ſeveral Particulars, and among theſe in the Adjuſtments; _ 
but whoever well underſtands the foregoing: Account wil, 5 
I think, hardly be at a Loſs to know how to adjuſt and 
uſe any of theſe Quadrants, as the Points to be adjuſted 
ate the 7 eee the Difference of the Con. 
trivances deſigned for the lame Pur wa 5 as 
| the Face wa the laſtrument. 0 me OS. 955 
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"Buy ſhould PR Obſeryer dy . with . 5 


Bat nomical Quadrant; he may find the Time nearly by — 


2 


2 


; * 


6 


5 


8 3 nite. wg 


4 


"Y 


Obſervations f o ot 
2a. Afternqon the Order is reverſed. The Mean of the 


5 Time ol 


| Ahitudes of the 5 thus, One Gita of the 8 5 85 
5 : drant g Foes 


Altitudes cf the Sun, taken with a Hadley's Quadrant, from 
the Horizon of the Sea, if he is near i 15 - but much better 
1 taking the double Altitude by Reflection from a Baſon 
Water, Quickſilver, Oil, or Treacle. In the Uſe of 
this; latter Method there are Three Obſervations to 9 
"taken with the ſame Setting of the Quadrant ; ; namely, the 


1 touches the Sun's lower Limb, as it appears in 


"1 the Baſon, the Time of the Two Suns reflected from the 


1 and Baſon appearing centrally conjoined toge - 
ther; and the Time of the lower Limb, as reflected ron 
dhe Quadrant, touching the upper Limb, as it appears in 
© the Baſon. Theſe are che Times at Muck the Sckible © 


\ the Quadrant 3 ; and' this is the Order i in which the Three 
e another in a Morning, but in 


Times pf the _ Ititades of the ſame Limb gives the 


Noon as ul ſqal j the fame is given by the equal 
eſults for the Pime of Noon, the 


5 ; ob ich may be taken, and muſt be corrected 82 
the Equation of correſponding Altitudes in the common 
. N The Obſervation. of the Contacts of the Two - 


tion of the Centres. A dark. Glaſs muſt be held near he 
Bye 10 darken both Images of the Sun. together. | 

It is evident, that the Latitude of the, Place may. allo be 

- found 


5 & 


L © Time when the' Sun's upper Limb, as reflected by he. 1 7 1 : g 


1 * by 


1 A * 
7 s 0 
4 5 

e W 4 
A 7 


. Limbs js rather more certain than that of the Conjunc- 


the Meridian. - Half the double Ahirnde 0 found is 0 . 1 


be eotrected by Refraction as uſual. | ©! 
By way of a laſt Reſource, the Time i W y hs 


mon, and the Latitude may alſo be deduced from the 
fame, Make a Hole! in a Fe of Metal, en ſo 


ICAL ED | dat 


N 1 


ee N 


e #42 


F% r 
2 * 1 * 
=, 5 


Altitudes of the Sun's upper Limb, Centre, and we” 5] 
a 1405 are equal to the Degrees and Minutes marked bß 


by taking the dohble Akitude of the Sun's upper ” h 
3 Limb; lower Limb, or Centre, at the Time of his 2 . 


\þ 


| Ber by a Meridian Line drawn by the Help of a Gno- 


iN 


F 


. S 


1 the Sun. 5 Rays may fall Wannen upon it 4t 
Noon about the Time of the Equinoxes, and at Tp 
__ a Height as poſſible above an even Floor that is le- 
velled. Hang a Plumb- line through the Centre of the 
Hole, and mark the Point on the Floor which lies directi7 
under the Point of the Plummet (which ſhould be turned 
truly conical, at leaſt on the lower Part) for the Centre of 
the Gnomon, from which deſeribe ſeveral concentric Arches 
upon the Floor. On the Day of the Solſtice, or not man) 
Days from it, the Sun's Light being admitted through 
the Hole in the Plate, mark the Place of the Centre: of 
his Image when it paſſes each of the concentric Arches 
in the Morning, and repeat the ſame Operation in the 
Afternoon. Biſect the Portion of any Arch intercepted 
between the Two correſpondent Stations of the Suns 
Centre in the Morning and Afternoon, and the Line drawn 
through the Point of Biſection, and the Centre of the 
+ Gnomon is the Meridian Line. In like Manner the Meri-⸗ 
dian Line will be found by Means of the Points marked 
upon the other concentric Arches, which onght all to _ 
together; but if there is any Difference, a Line may be 
drawn oe Poſition is taken at a Medium between them N 
all for the true Meridian Line. Whenever the Suns 
Centre paſſes this Line at any Time of the Year it is 
Noon. To find the Latitude of the Place, meaſure with: 
a good Ruler or Scale of equal Parts the exact Diſtance 


between the Centre of the Hole in the Plate and the Centre 


of the Gnomon, which is called the Height of the Gno- 


mon, and when the Sun paſſes the Meridian upon any Day, ' 


mark the Centre of his Image upon the Meridian Line, 
and meaſure its Diſtance from the Centre of the Gnomon, 
and fay, as this Diſtance is to the Height of the Gnomon, 


ſo is the Radius 100000 to a natural Tangent, which: be- 


ing ſought for in the Tables, and a Proportion being 
made, if neceſſary, will give the apparent Altitude of the 
| Sun's Centre, whence the Latitude may be found accord. 
ing to the uſual Methods. If the Latitude be thus found 
| on * other * and at other Times of the Year, 


the 


1 32 1 


35: of all being take 
Truth. 


a ths Tranſit of Venus over the Sun's Diſk. It may be di 


cult to catch the Inſtant, of the Firſt external Contact; : SD 
but as it may. be expected (from Calculation). that. the | 5 


Fiſt Impreſſion of Venus upon the Sun's Limb will fall 


about 37 Degrees to the Eaſt of that Point of the Sun's 


_ . Circumference- which is neareſt the North - Pole of the 
World, the Obſervers. will do well always to keep this 


Part of the Sun's Limb as near as they can eſtimate it, 


not far from the Middle of the Field of their Teleſcope, 


and to regard it principally, yet ſo as not to negle& the 
Parts adjacent, There was a Circumſtance: taken Notice 


nde Rer. Mr. Hirſt, F. R. S. who obſerved the laſt 


Tranſit of Venus at Madras, which if we could depend 


upon its taking Place again at the next Tranſit, would 
prove a good Help towards catching the Point of Immer- 
don and the true Inſtant of it. This was a Kind of Pe- 
numbra or duſky Shade, which preceded the Firſt external 


Contact 2 or 3 Seconds of Time, and was fo remarkable 


that Mr. Hirſt was thereby aſſured that the Contact was 


5 approaching, which happened accordingly. Tf the like 5 
Phenomenon ſhould occur to any Perſon who attends the 


_ ; m_ Rt, this Hint will prepare him to make a pro- 


IL now . 10 add fs N 3 concerning 


n will. come Kill + nearer to. the. 4 i 


. 4 


of it; yet I think it neceſſary to caution him not 


er his Eye intirely fixed on the Part of the Sun's 
Limb where ſuch an Appearance may happen, leſt his 


| Imagination may deceive him, and thereby take off his At- 


tention from the other Parts of the Sun's Circumference, 5 
and conſequently from the Point where the external Con- 


tat may really happen. Several Aſtronomers at the laſt 


Tranſit obſerved a luminous Creſcent at the Times of the 
Ingreſs and Egreſs, which enlightened that Part of Venug's 
. _  Circumference which was off the Sun, ſo that the Whole 
© of her Circumference was viſible : This was alſo obſerved 
by One Perſon at the Middle of the Tranſit. Mr. Dunn, 


15 a Newtonian * ar of 6 N magnify- 


= ing | 


Venus's external Limb about the Time of the Firſt internal 


trance of the Thread of Light till ſeveral Seconds after 


bus Mou Venus, while 1 was A on n the . which. 5 
ſomewhat diſturbed the Diſtinctneſs of the Termination 4 
her Circumference: : Something of the ſame Kind wass 
taken Notice of by ſome other Obſervers. If theſe Phaæno - 
mena ſhould. be fully e by the Obſervations of the; 2: 
next Tranſit, they Will probably = allowed to he the El. 
fects of an Atmoſphere: about that Planet, Four able 

Aſtronomers at Up/al; furniſhed with good Teleſcopes, am 


Contact, to be united to the Sun's Limb by a black Pro- 8 5 | 
tuberance or Ligament, which was not broke by the En- 


that the regular Circumference of Venus ſeemed. to coin- 
cide with the Sun's: In theſe Obſervations the Sun was 
only 34 Degrees hah and the Iadiſtinctneſs of Vin 
cccaſioned dy the Vapours near the Horizon might have: . 
been thought to be Cauſe of this Appearance ; but that 
the like was obſerved (though leſs plain aud remarkable 
at the Second internal Contact, when the Sun's Alprade. „ 
Was conſiderable. 1 
Something of the. Game Sin: was. allo 7 by. Mr. * 5 
es at Selenginſh, in an unfavourable State of Ait, " 
the Second internal Contact; and by Mr. Hinſt at Madras, / 
at both interoal Contacts. Mr. Thorbern Bergman, who. 
was One of the Obſervers at Lal, relates that Venus: 
ſeemed to cohere to the Sun. by a Ligament at the Second 
external Contact alſo... Such Effects might be produced: 
either by an Atmoſphere about Venus, Imperfections of 4 
T eleſcope, or a bad State of Air; but from the Accounts 
publiſhed it does aot 08 +06 We was 77 laut "58 


. 


would be in a Manner inſtantaneous, or at leaſt that 8 £3 
might de obſerved without a greater Error than Ohe Se 
cond of Time; but ia fact this Suppoſition was pot verti-: 
Hed by the Obſervations of the laſt Tranſit. The Thread 
4 SIE ** een the Limb! * vn d the bun "yp to ; 
' | | ro 10 


— 


355 . 3 7:7 
8 been of 6 {non 1 eh e en 
he had ſuppoſed it would, but dy, with an Unter- 
- tainty of ſome. Seconds; and the Obſervations made by 
experienced Obſervers in ahe ſame Place, or in Places nor 
8 fat diſtant, and reduced to the fame Meridian, differed ac- 


_ _- cordingly from one another more than was expected Part 


of theſe Differences might ariſe from the Difference of 
Judgment in eſtimating the Contact, ſome noting the Time 
When the Thread of Eight became inviſible; and others 
the Time when the Circumference of Venus ſeemed to co- 


n -incide with the Sun's. It is therefore to be 3 that 


-- thoſe who obſerve the next Tranſit will in the Account of 
their Obſervations mention particularly in what N 
they judged of the internal Contact s. 


After the Obſervation of the Contacts, ES - as near- 15 8 


en Diltance-of the Centres of the Sun and Venus being the 
next in Importance, it is recommended to thoſe who ſhall 

be ſituated in Places where the Middle of the Tranſit is 

viſible, and' be furniſhed with the PRs Infirucionts, * to 
attend to this Point alſo. «© - 

The common Micrometer having a moveable Wire 885. 
| rallel to a fixed one, and a Third perpendicular to both, 
may be made uſe of in this Occaſion; but the Inſtrument,” | 

Which is by far the moſt convenient and exact for this 
| Purpoſe, is the divided Object - Glaſs Micrometer, com- 


monly called Dollond's Mierometer, fitted to the Object- end 


either of a reflecting Teleſcope, or an Achromatic refra&t- 
ing Teleſcope of 3 Feet, with a treble Object. Glaſs. 

The Method of uſing. this Micrometer is very ſimple and 

_ eaſy; it may however be proper to give a brief Deſcrip- 
tion of it.” The Two Semicircles into which the Object- 
Glaſs is divided are ſeparated from each other by turning 
an Handle, and the Diſtance of their Centres is meaſured 


by a Scale of equal Parts divided into Inches and 2oths of 7 


an Inch, with the Addition of a Vernier, which {abdivides' 
the 20this of an Inch of the Scale into 25 Parts, or the 
. .Footh Parts of an Inch. The Rays of Light paſſing 

5 munen each Semicircular Glaſs will exhibit A as 5 


— T_ 3 
hai of; an Object to an Eye n IPOs the Toles N 

ſcope. When the Semicircles are brought together, ſo 

that their Centres coincide, and they form as it were but 


One Glaſs, the Two Images being united together, only 3 ” 


One Image of an Object will be ſeen; but in proportion 


as the Glaſſes are ſeparated from each other by tuning a 


Handle, the Two Images will be ſeen to ſeparate alſo. 
To meaſure the angular Diſtance of Two Objects (not 
exceeding the Extent of the Micrometer) bring the Image 
of One Object formed by One of the Semicircles to coin- 
cide with the Image of the other Object formed by the 


bother Semicircle, Which is to be done, partly by turning 


the. Handle which ſeparates the Two Glaſſes, and partly. 
by turning the other Handle which will carry the com- 
mon Diameter dividing the Two Glaſſes into the Plane 
paſſing through the Two Objects; and read off the Num- 
bers from the Scale and Vernier, and you will have the 

apparent Diſtance by the Scale, which is to be turned in- 

to Minutes and Seconds by Means of a Table to be formed 
for that Purpoſe. To meaſure the apparent Diameter f 
à Planet the Two Images muſt be ſeparated till their Cir⸗ 55 
-cuniferences touch one another externally, .,  , 
The Firſt Thing to be done, in order to fit the ras: | 
"nia for Obſervation, is to adjuſt the Teleſcope, with the 
Micrometer applied to it, to the moſt perfect Viſion of the 
; Object to be obſerved. Cover One of the Semicircles, ſo 
as to intercept. One of the Images cf the Object, and alter 
the Focus of the Teleſcope both Ways ſeveral Times, til! 
| you have adjuſted it, to ſnew the other Image formed by 
the Glaſs that is uncovered with the greateſt Diſtinctneſs. 
The Sun's Limb, or Spots, or the opaque Body of Venus 

1 Aria the Tranſit, are very good Objects for this Purpoſe. 
If there is a Scale with a Vernier placed on the Side gf 
; -qbe- Teleſcope (as is uſual) repeat the, Adjuſtment of the 
_ Teleſcope ſeveral Times, and note the Number indicated 
by the Scale and Vernier each Time, the Mean of all tbe 


Numbers is that according to which the Teleſcope muſt . 


= n or the ame at . Time, if 55 


. OE 


was. 


b to be used in ts — as Pony ſmall Error oe 


herein will occaſion a ſenſible Alteration" in _ Angle: 
menluted by che Micrometer Scale. n 
The next Thing to be done is to d the E or of the 
'HSjaftinicne of the Micrometer Scale. Both en 
Slaſſes being now expoſed to the Object, turn the Hande 
Which moves the Glaſſes with reſpect to each other, till 
both Images of the Object are 2 e, and | 
Nombers thewn by the Scale and Vernier is the Error of 
=» Adjuſtment, This Object may be any of th 
Bodies, or even a diſtant well-defined Objeẽ 
whe Experiment being repeated ſeveral Times, the 
of all ould be taken for the true Quantity of Error, — 
Ir (o) on the Vernier falls before or to the Right Hand of 
(O) on the Scale, the Error is to be fubliraGed' from-all 
Herman otherwiſe to be added. 
There is another Method of finding the Error 01 44. 
juſtment, which ſeems rather preferable in point of Aecu - 


racy to the common Method juſt related. This conſiſts in 


"meaſuring the apparent Diameter of any ſmall Object (aa 

Jupiter's equatorial Diameter or the Jongeſt Axis of 8a- 

*turn's Ring) with the Point (o) on the Vernier placed al- 
_ "ternately to the Right Hand and Left of (o) on the Scale; 
only raking Care in the latter Caſe, inſtead of the Number 
ea by He Verler, to take its Complement to 253 Half 
the Difference of the Two Diameters thus found is the 
Error of the Adjuſtment; which is ſubſtractive eee 
to all Obſervations, aceording as the Diameter meaſi 


With (o) of the Vernier advaneed upon the Scale, or to the 
"Right Hand of (o) on the Scale; is greater or leſs than the 
Diameter meafured with (o) of the Vernier falling behind 
or to the Left of (o) on the Scale. It is evident that Half 
the Sum of the Two Diameters, as immediately given by 
the Meaſures of the Scale, is the true Diameter of the 
Object. This therefore is the juſt and proper Method of 
- meaſuring the apparent Diameters of all the primary 
Planets, "2s allo the Method bet Mould be den in 


Rr 


wm the apparen 8 nn pn. the. So, - 
7 — as it gives at the ſame: Tine She Benet 1 the 
8 as juſt now explained. 


The Error of the Adjuſtment may he dan away. H 


wok hy: ſetting the Vernier to the Quantity of the 
Error found in Manner above-mentioned, and eaſing the = 
Screw which fixes he Vernier to the Blate — it, and 
ſliding the Vernier till (o) thereon agrees exattly with (8) 
on the Scale; after which the Screvv ſhould be tightened | 
again. If the Error i is 1 it ſhould he corrected, hut if it 
be ſmall i it may be a as convenien to allow far it in the Oh- 
| "rien; | 
The Third Point 10 be Fee is the Value of 
5 . Scale of the Micrometer ex preſſed in Minutes and 
Seconds. This. may he found very readily and with ſaf- 
3 Exactneſs by meaſuring the Sus's horizontal Di- 
ameter, and comparing it with chat given in the Nautical 
Almanac, or by Aſtranomical Tables, Allowauge being 
made, as hefare directed, for the Error of the Adjuſt- 
ment. On the Day of the enſuing Tranſit of Venns he 
Sun's Diameter will be 31 Minutes and 31 Seconds, ſup- 
| paſing the apogeal Diameter to be 310 28½, as Was de- 
termined by Mr. Shart with a Divided A chromatic Opiect- 
."Glaſs, —1 it will be decreaſing at chat Time at the Rate 
_ of Second in 5 Days. Hence, if the hoxiz 
de ancaſured on "dhe Day of the Franſit, or within a Fort- 
night before or after it, the Value af One Extent of the 
| r and Seconds; whence the 
VPalue of any ather Extent may be faund by Proportion, 
and a Table be made accordingly to facilitate the RedyQion - 
of the Obſervations. To find what the Sun's Diameter 
mould be at any Time of the Year,” in Proportion o the 
apogeal Diameter aſſumed 31”. 28'', as above-mentioned, 
always ſubſtract 3. from the Semidiameter given by the 
Nautical Almanac, or Mayer's Tables, the Remainder! on: 
blend is the Diameter required. Phe Value of the Scale 
alſo be determined, if thought neceſſary, by e 
dt 2d 3 * that of the $yn's 
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1 hall hen mention 1 which 155 very ie 


: | ltd preps as exact as any other. Adjuſt the 7 Telcloops | 


without the Micrometer with great Care to diſtinct Viſion 
for the Planets Jupiter or Saturn, then put on the Micro- 
meter, and find by ſeveral Trials the Diſtance at which a 

oper Object, ſuppoſe a printed Paper, ſhould be placed 


| 1 before the divided Object-Glaſs that it may appear moſt 


diſtinct through the Teleſcope, whoſe Adjuſtment muſt 
remain unaltered. | This is the focal Length of the Object- 
Glaſs, and muſt be meaſured with great Care from the 
outer Surface of the Glaſs to the Object, to which, if you 
pleaſe, you may add One- third of the Thickneſs of the 
"Glaſs, it donble and equally convex. Then ſay, as this 
Sum is to any Extent of the Scale :: ſo is the Radins 


_ -x$60000 : to twice the Tangent of Half the Angle an- 


ſwering to the Separation of the Glaſſes meaſured by that 
Extent of the Scale; or, in Practice, it may be ſufficiently 
exact if you ſay, as this Sum is to any Extent of the Scale 
- (both being: reduced to Mcaſures of the ſame Denomina- 
tiom) fo is 206265 Seconds, to a Number of Seconds 
contained in the Angle anſwer ing to the Separation of the 
Slaſſes meaſured by the propoſed Extent of the Scale; 
| © whence a Table of Reduction may readily be conſtructed. 
The Inſtrument being thus prepared for Obſervation, 
I Net it be required to find by it at any Time the Diſtance 
- of Venus from the Sun's Centre. This is to be done by 
© meaſuring the Diſtance of Venus's exterior Limb from 
the neareſt Limb of the Sun; and the horizontal Diameters 
x the Sun and Venus; for the ſaid; Diſtance ſubtracted 
from the Difference of the Semidiameters gives the Diſtance 
of Venus's Centre from the Sun's Centre, which was re- 
- quired. This Obſervation if made at the Middle of the Tran- 
it will give the neareſt Approach of the Centres of the Sun 


and Venus: But the beſt Way will be to meaſure the actual 


Diſtance of the e Limbs of the Sun and Venus, re- 
peatedly, beginning ſome time before the neareſt Approach 
of the Centres, and continuing the Obſervation till that 


© 8 e is FI * * * * SN: of Venus 


from 


an OY 3 8 Limb, aer n rsd git E 98 —— 
| 5 | excahng) as well to be ſure of bitting the true Time, as to 
obtain the greater Certainty from taking a Mean of ſeveral 
Obſeryations taken within a little Space of one another.” 
It will be very expedient, ſoon after the neareſt Approach ; 
of Venus to the Sun's Centre has been meaſured and is 
_ . paſt; to meaſure the Diameter of the Sun ſeveral Times in” 
. the ſame Direction, which will be effected near enough” 
for the Purpoſe by uſing the Micrometer as left by the” _ 0 
_ laſt Obſervation of the Diſtances; that if there is any-Dif=-" | 
- ference in the inclined Diameters of the Sun from the ho- : 
rixontal One, you may obtain the true leaſt Diſtance of the 
Centres of the Sun and Venus notwithſtanding ; agreeable 
to a Hint of Mr. Mallet, . Aſtronomer to the King of 
Sweden, at Up/al. Half the Sun's Diameter thus found 
leſſened by the Sum of the neareſt Diſtance of the Limbs 
of the Sun and Venus, and the Semidiameter of Venus, 
gives the true Diſtance of the Centres. In meaſuring 
other Diſtances than theſe about the Middle of the Tran- 
it, you may take the neareſt Diſtance of Venus from he 
Sun's Limb, the Sun's Diameter and Venus's, in order 
one after another; not forgetting however to obſerve 
the Sun's ente Diameter alſo, for determining the 
Scale of the Micrometer. In order to be fure that you" |, 
always take the Diſtance of Venus's Limb from the neareſt 
Part of the Sun's Cireumferenee, turn the Micrometer 
round about by Means of the proper Handle, and Venus 
will apply herſelf ſucceſſively to different Parts of the Sun's "8 
Circumference; and when, during this Motion, the is car- 
ried either parallel to the neareſt Part of the Sun's Circum- 
ference, or ſo as to continue to form a perfect internal Con- 
tact with the Sun's Limb for ſome Space, that is the proper l 
Poſition of the Micrometer for meaſuring the Diſtauce ot 
the neareſt Limbs of Venus and the Sun : Therefore after 
= as ſoon as poſſible, by ſeparating or bringing the 
Semicircles nearer to each other, cauſe Venus's Limb to 
form an accurate Contact with the Sun's Limb; then 
| reading off the Numbers from the Scale you will have the 
Meaſure 


*Y 


internal Contact, in order to prepare the Teleſcope. tor. 


e „ 
1 23 5 J Warns : 
4 - SY 4 : 


aan the ane „ hs * 
Sun: „ The Times ſhould be noted by the Clock, as uſu; 15 
Ibſervations are made during the. 
Tragſit, the Path of Venus over the Sun. may thereby, . 
e or calculated, Moreover, if ſome are taken not 
very far diſtant from the Time of the Contacts, they. way 
enable us to, find the ſaid Times by Calculation, ſuppo ng, 
they could not be obſerved; . It will however be prope 
to leave off theſe. Meaſures. when Venus is. diſtant. Roth 
the Sun's Limb by her whole Diameter, before the Second - 


rhe ſame, by taking off the Micrometer and adjuſting tbe 
_ Teleſcope without it to diſtinct Viſion... If there is not 


much Time, to ſpare before the Contact, it will be better 


ro adjuſt the Teloſco e by Means of the Scale 3 and Verde, 
placed on the Side « it, According to Experiments mads 
before by looking at the Sun. It will indeed be hi ghly... 

proper to ſettle the Adjuſtment of the Teleſcope, by 72 — 1 
I tals; both without the NMierometer, and with the Mis. . 
crometet applied to it, ſome time before the Day of the 
2 Aud to note oF ati the Numbers of the Vernier. Oo. 


P 


to it or not. . 

It will be alſo oy — to prepare. the W 
far Uſe in every. Reſpett ſome Days before the Tesa, . 
and try; 9 — on the Sun on the very Day before the Tran. 
ſit, and at the fame Houts on which Venus will appear. . 
the next Day upon the Sun, that if there are any Defects. _ 


in the Apparatus of the Inſtruments, or any lecal Ob- | 5 


ſtacles to the Uſe of them, ariſing from the Polition of the 2 Es 
"9m; or Inconveniencies of the P Place, theymay be removed __ 
It will be highly proper for the Obſervers, who prey 1 
- hs enſuing Tranſit of Venus, to make other Obſervations,  _ 
ia order to determine the Latitudes and 1 of ihe Bos : 
Places "RON * ate ſtationed. * finding uo 


"SG 


= da Ma ankle the 


Sui wall 1100 


For ſettling the Longitude they may obſerve any of hs 
following Eeleltil Pherioinbnd or as many of different 
Kinds as the Inſtruments they may be furtilhed with an 


 6f Stars both to the North and South of the Zenith. 15 EE 


other Circumſtances may permit; for the nearer this hs 


Point is determined the more uſeful and valuable wy 252 
8 r of the ſit prove. 


1. Eclipſes of the dun and Moon. wa 

2. Immerfſiotis and Enierſions of Nd Satelis; tu t 

- ipally of the Firſt Satellite, : 

. Occulttions of fixed Stars and Plantts by the Moon * 

| Limb, and their Emerſions from the ſame. 

4. Differences of Right Alcetiſioii betweet the Moon's 

enlightened Limb and Stars lying tear her Parallel of Des 

5 Fr = Means of moveable Wires placed in the Focus 
_— Traufits of 1 Mooti's enliglitened Limb a the 

the Metidiaii compared with the Traifits of the | 


Stars of the Fitft and Second Magnitude lying, lac to. 
be vator, ' 


767 "Correſonding Alfitades of the — 9 bpper oe - 
lower Lind compared with correſpondin Altitüdes of 
1 . Stars. 85 4 

7. Altirudes of the Moon's per as lover Limb, when | 
| * 10 upon ot near the Meridian, and her Declination varies 
at leaſt 3 Degrees i 24 Hours: 'The Time of the Obſer- 
vation : Bon be noted by the Clock, and Meridian 


tucdes of fixed Stats flear the Myon's Parallel of Declinsdon 


' ſhould be alſo obſerved, if toifenteat, before or after tlie TT 
- Moon's Tranſit, a , 
8. The internal and extertul Contacts of the Planet 
Nieht with the Sun's Limb, whenever he paſſes over 
00 ah. An Opportunity of 'this Kind will appen on 
1769. The Ingreſs will happen at 7 h. 40 m. 
4 1 the Egreſs at 12 h. 32 m. apparent Time by tle 
Meridian of Greenwich. MEER Trane will be * 1 


8 viſible in * 


8 
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per do 2 that in the. Uſe of the 6th e 155 wh 1 
often 3 chat the ee of. 7 Move! su 
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of Pea 1 e er Lal 5 
bſerved Web 19 Inſtruments, notwüh? 


997 at th 
: pine them of the Benefft of 
benowenen,.. It. may be.pro 


| ef th | 
Places, and Wied n de 
moſt every other. celeſt 
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e their 5 Ts Ht and a 
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288 d. and. {kilful Aſtrongmer, who may altet- 
oy 12 proper Conſequentes from them, at 
| for Here 5 1755 . pan8 from oy 
10 2 mputing the Equ Py 
EET Sa 9 yh ANC Rage te 
Suns * | 
ee eee of the Sun 
in os, A n 12 15 


F 8 


Kut 


8 ly called by 18 Ln given, | * 


| = j 6 12 Hours, and you — ture the Interval 
| the Obſervations. according wo the Clock; tie 
its Half, aud add it (0 the Sbferred Time af -the Alticade | 
1 ing, and you will have the Time of Noon by | 
tbe ock, bat uncarreck. - Then enter the Firſt Table, 'or - 
Hart J. of the gooarel Equation with the Sun's Toogirade | 
at Noon on the Side, and Half the Laterval of the Obler- 
vations at the Top. the Table, and take but the Number 
8 Meeting om r 
ve Lines (making a Froportien, neceſſary) und 
note whether jt is additize ar ſuhſtractive. In like anner 
take a Number out of tie Second-Tible, ar Furt 11. of 
the general Equation, which mul ply by the _— ws 
gent of che Latiade (10 the Radius © mr : 
whether it is additive or ſubſttaſtive by the Table; "which 
is ſuited to a Narthern Lawimde : hut if the Lande be 
South, for f read add, nud for add read ſuhſtract : 
aſtly, If the Two Nambers thus found arc both of the 
_ Lame Kind, viz.” both additive or both fubſtraftive, take 
I Ws Sum, and apply it with the cummos Title or 3 
_ to the Time of Noon un correct; but if che N 7 
of different Kinds, vin. one additive, and the other — 
_ traQive, take the Difference, and Apphy it with the 


ect, and you. will have the trur Time of Noon by the 
Clock, er the Time dhewn by che Clack at the — 
5 W Sun $ Centre . the Meridian. 33 


VVV 

5 - oak that equal Altitudes of the Sue's 8 upper u Liob 
| fhould be taken on the 3d of June 1769, in Latitude 
380 56' N. and in Longitude 6h. I 9m. 4of. to the Weſt 
of Greenwich, at 8 h. 14 m. 8f, in the Morning, and 

zh. 42 m. 38 f. in the Afternoon by the Time of a Clock; 
; fax de required to find the Time of Noon by the Clock. 
Io 3h. 42 m. 38 ſ. add 12h, and from the Sum fubſtraer 
e N and its 
N 2 5 1 Hall., 


A che greater of the Two to the Lime of Noon atieor- / | / 


8 


| Halls b. 44 ms it b che Half? 


1.99 
2 he SI LN 
K ies. EW A. Ay 1 


# = ; 
- N + [6 


which added to 8 h. 14 m. 8 1. gives 11 5 
8 m. 23 f. for the Time of Noon uncorręect. Th. 3 
itude at Noon at the given Place, or at 6 h. 19 m. 
40 f. after Noon at Greenwich, will be. 3 * 1 85 
8 which and the Half Interral, 3 h. 44 m. 156 f. 
will Rad by the Firſt Table the Number - 4728 ..of 3 
ditive, and by the Second Table — 5, 31 f. but this latter 
3 is to be mulciplied by the Tangent of the Lati- 
tude 58. 56“ or by 1,66, whence the Number deduced 
from the Second Table is — 8 815, or ſubſtractive. The 
Difference of 1, 20“ and 8,8 1, becauſe one is additive and 
the other fubſtractire is — 6, 61, or ſubſtractive for the 
Equation of the correſponding Altitudes, "becauſe the ſub- 


ſtractive Quantity is greateſt therefore 6,61 ſubſtracted 
from 11 h. 58“ 230% leaves 11h. 58 m. 16,4 f. for the ttue 
Time of Noon. If the Latitude be ſuppoſed 590 56 South, 
 Jaſtead of North, and the Half Interval between the Obſer- 


vations, 2 h. 20 m. the Firſt Part of the Equation would 
be + 1,60 or additive, and the Second Part, as taken out 
of the Table, —- 4,81 or ſubſtractive, which _— a" by 


1,66, the Tangent of the e e 4 changing the Sign, 


becauſe the Latitude is South, 


7,98 ſ. or ad- 


: dlitive, as well as the Firſt Part therefore the Sum of the 


Two, viz. 1,601, and 7,98 f. equal to 8 2 is the 
As of  corref RO nn to de | #-rop is tie | 
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